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This  flKjcumen*-.  contai^ns  a  0.^.  Navy  Fate  Tra'fning 
Manpal  and  Nonresident  Career  Course  which  form  a  self -study  package 
to  teach,  the  theoretical  knowledge  and  mental  skills^eeded  by  the 
Opticalman  Third  Class'and  Onticmlman  Second  Class,    (Cpticalmen*  ' 
maintain,  repair,  and  overhaul  telescopic  alidades,  azimuth  and 
bearing  cir<^les,  #>inoculars,  compasses,  gunsights,  sextants, 
ha^nd-held  ranaefiBders,.  night  vision  equipment,  submarine  periscopes 
and  other  precision  instruments.)  information  in  the  Bate  Training 
Manual   (RTM)  ip  divided  in+o  the  following  twelve  chapters:  (1) 
Advancement:    (2)  The  Nature  of  light:   (3)   Mirrors  and  Prisiis;  (4) 
Lenses:  (5)  Basic  Opt ica If Sy?? terns:    (6)  Design  and  Coiistruction:  (7) 
Maintenance  Procedures --Part  I:   (8)  Maintenance  Procedurea — Paxt  11^ 
Machine  TooPoperations:   (tO)   Optical  and  Navigation  Iguipment;^ 
(11)  Might  visufrl  Sights  and  Gunsiqhts:  .and  (12)  Submarine  ^ 
Periscopes.  A  O.S.  Custdmary  and  Metric  S-ystem  Onits  of  Measurement 
table  is  appended.  The  Nonresident  Career  Course  (NBCC)  follows  the 
PT^  index  of  key  terms4  The  NRCC  contains  a  set  of  assigniertts  keyed 
to  , reading  ^Assignments  in  the  Rate  Training  Manuals  It  |Ls  rec6«mended 
th^t  this  training  package  be  combined  with  *on-the- job^^aining^  f  or 
greater  effectiveness.  (BM) 
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This  Rate  Training  Manual  and  Nonresident  Career  Course  (RTM/NRCC) 
form  a  self-study  package  to  teach  the  theoretical  knowledge  and  mental 
skills  needed  by  the  Opticalmap  Tliird  Class  and  Opticalmaii  Second  Class 
To  most  eftectively  train  Opticalmen.  this  package  may  be  combined  with 
on-the-job  training  to  provide  the  necessary  elements  of  pVactical  experience 
and  observation  of  technique^?  demonstrated  by  more  senior. Optffcalmen 

Completion  of  the  NRCC  provides  the  usual  way  of  satisfying  the  »- 
requirements  for^completing  the  RTM.  The  set  of  assignments  in  the  NRCC 
mcludes  leari\ing  objectives  bnd  supporting  questions  designed  to  help  the 
student  learn  the  material  in  the  RTM.  ^ 

This  RTM  was  revised  by  PICM  K.  B.  Ferguson,  and  final  preparation  of 
the  text  and  NRCC  for  printing  was.done  by  OMC  L.  T.  Stagg  of  the  Naval 
Education  and  Training  Program  Development  Center,  Pensacola.  Florida 
for  the  Chief  of  Naval  Education  and  Training. 
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V         •  _      ^  _ 

The  Umfed  Slates  Navy  li  responsible  for  maintaming  control  oT  the. 
sea  and  is  a  reaiiy  force  on  watch  at  home  and  overseas,  capable  of 
strong  action  to  preserve  the  peace  or  of  instant  offensive  action  to 
win  in  war.  .  . 

It  is  upon  the  maintenance  of  this  control  that  our  country's  glorious  • 
future  depends;  the  United  States  Navy  exists  to  make  it  so, 

WE  SERVE  With  honor 

Tradition,  valor,  and  victory  are  the  Navy*s  heritage  from  the  past,  T^o. 
these  may  be  added  dedication,  discipHne,  arik  vigilance  as  the 
watchwords  of  the  present  and  the  future. 

•At  home  or  on  distant  stations  we  serve  with  pride,  confident  ii>  the 
respect  of  our  country ,  Qur  shipmates,  and  our  families. 

Our  respOnsibiHties  sober  us;  our  adversities  strengthen  m. 

Service  to  God  and  Country  is  our  special  privilege.  We  serve  with  . 
honor. 

_  THE  FUTURE  OF  THE  NAVY 

•The  Navy  will  always  employ  new  weapons,  new  techniques)  and 
greater  power  to  protect  and  defend  the  United  Stages  on  the  sea, 
under  the  sea,  and  in  the  air. 

Now  and  in  ^he  future,  control  of  the  sea  gives  the  Vnited  States  her 
^efitest  advantage  for  the  maintenance  of  peace  and  for  victory  in 
war. 

Mobility,  surprise,  dispersal,  and  Qffensive  power  are  the  keynotes  of 
the  new  Navy.  The  roots  of  the  Navy  lie  in' a  strong  belief  in  the 
future,  in  continued  dedication  to  our  tasks,  and  in  reflection  on  our 
heritage  from  the  past. 

Never  have  pur  opportunities  and  our  responsibilities  been  greater. 
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CHAPTER! 


ADVANCEMENT 


^This  training  manual  is  designed  to  help  you 
increase  your  knowledge  in  the  various  as|f6cts 
of  the  Opticalnian  rating  and  to  help  you 

•  advance  in  rating ^to  OM3  and  0M2.  Your 
contribution  ,to  the  Navy  depends  on  your 
willingness   and   ability   to  accept  increasing 

*  reyjponsibilities  as  you  advance  in  rate.  When  you 
assume  the  duties;  ol  an  Opticahiian,  you  begin 
to  accept  certain  responsibilities  for  the  work  of  • 
others.  As  you  advance  in  your  career,  you 
ac4,ept  respons'ibiljties  in  military  matters  as  well 
as  "in  the  occupational  requirements  of  the 
Opticalm^n  rating. 

OPTICALMAN  RATING 

Optii:almei)  maintain,  repair  ancl,  overhaul 
telescopic  alidades,  azimuth  and  bearing  circles, 
blnocyilars,    compasses,    gunsights,  sextants, 
'hand-held  rahgefinders,  night  vision  equipment, 
subtflarine    periscopes    and    other  precisiqn 

.  instnirnegts.^  Tliis  includes  inspection,  casualty 
anaJysiSj  disassembly,  repair,  replacement  or 
manufacture   of   parts,  cleaning,  reassembly, 

'  collimation,    sealing,    drying,    gassing,  and 
refinishingpf  surfaces. 

Tlie  Qpt^icalman  rating  is  a  general  rating, 
The  work  of  an  Optigalmali  requires  a  high 
degree  of  intelligence  and  mechanical  aptitude, 
Optical  instruments  are  technical  in  nature, 
expensive,  and  delicate.  For  these  reasons,  just 
anyone  cannot  perform  satisfactorfly  the  work 
of  an  Opticalman.  Intelligence  is  required  to 
understand  the  prirfciples  of  operation,  and 
mechanical  aptitude  is  negessary  to  repair  and 
adjust  the  instruments. 

Opticalrtien  generally. are  assigned  duty  in 
optical  shops  aboard  repair  ships  or  tenders  and 
in  stateside  or  overseas  ship  repair  facilities. 


Occasionally,  however,,  they  are  assigned 
duty  ashore  as  instructors  in  Opticalman 
schools.  Some  Opticalmen  are  assignee}  to 
recruitir\B  duty ;  others  are  assigned  '  to  Naval 
Rcservp  training  units. 

AK-^the  third  or  second  class  level, 
Opticalmen  generally  do  not  have  the 
responsibility  for  administering  an  optical  shop; 
•  but  an  Opticalman  2  is  jresponsible  for  Dreparing 
casualty  analysis  inspection  sheets  for 
instruments  and  also  for  the  maintenance  of 
records  and  logs  in  the^  shop.  Opticalmen  on 
duty  at  the  3  or  2  level  should  therefore  observe 
the  work  of  Opticalnien  at  the*first  class  and 
chief  levels  and  learn  as  much  from  them  as 
possible  about  the  work  of  a  shop  supervisor. 
This  is  the  only  way  to  develop  to  the  maximum 
your  tiscftilncss  to.  the  Navy  as  an  Opticalman. 
Be  prepared  for' greater  responsibility  when  it  is 
assigned  to  you. 

Shop  safety  is  something  you  should  always 
emphasize.  When  using  tools  and  operating 
machines,  it  is  easy  to  iiyure  yourself.  This  not 
only  causes  pcrsonul  discomfort  but  results  in  a 
.monetary  loss  to  the  Navy  during  your  absence 
from  work.  Opticalmen  should  keep  the  shop  in 
excellent  working  shape  and- hazard-free  and 
wotk  individually  and  collectively  in  a  manner 
whii!h  minimizes  personal  if\jury. 

This  manual  is  organized  to  give  you  a 
systematic  undentanding  of  your  job.  The 
occupational  standards  used  in  preparing  the 
text  are  contained  in  the  Manual  of  Navy 
Enlisted  Manpower  and  Pmonnel  Classiflfations 
and  Occupational  Standards,  NAVPERS 
18068-D.  We  recomhiend  that  you  study  the 
Opticalman  section  of  NAVPERS  18068-D  to 
gain  an  understanding  of  the  skills  required  of  an 
Optioabnap.  TMen,  study  the  subject  matter  " 
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carefully.  The  knowledge  you  jjain  will  enable 
/   you  to  lu^comc  a  more  proficient  repfllrrnat^  aiul 
the  Navy  will  profit  from  your  skills. 


navyenuSted 
classification  c^des 

The  Opticalnian  rating  Ts  a  source  of  two 
"Navy  KhhsTecl  CtassincalToh  Codes  (NEC's). 
NEC's  reflect  special  knowledge  and  skill  in 
certain  ratings.  Fhe  NKC  coding  system  is  a  form 
of  management  control  over  enlisted  skills.  It 
identifies  skills  and  training  required  for  specific 
types  of  operations  or  equipment.  The  Chief  of 
Naval  Personnel  details  personnel  who  have 
acquired  those  skills  to  fill  billets  that  require 
the  skills.  The  NKC's  that  Opticalmen  may  earn 
at  certain  grade  levels  are  granted  upon 
siitisfactory  completion  of  an  applicable  course 
of  instruction  at  a  Navy  school.  Your  personnel 
office  will  have  complete  information  on  NEC's 
and  qualification  proced^ures. 

THE  NAVY  ENLISTED 
ADVANCEMENT  SYSTEM  . 

Some  of  the  things  you  gain  throtigh 
advancement  are  easy  to  see.  You  get  more  pay^ 
Your  job  assignments  beconiie  more  interesting 
and  more  challenging.  You  are  regarded  with 
greater  ^esf>ect  by  pftlcers  and  enlisted 
personnel.  You  enjoy  the  satisfaction  of  getting 
ahead  in  your  chosen  Navy  career. 

But  the  advantages  of  advancing  in  rat^re 
not  ^yours  alone.  The  Navj^  also  profits.  Hvlfty 
trained  personnel  are  essential  to  the  functioning 
of  the  Navy.  By  each  advancement^  you  increase 
yoftr  value  to  the  N^yy  in  two  ways.  First,  you 
become  more  viiluaWe  as  a  specialist  in  your 
own  rating,  And  second,  you  become  more 
valuable  as  a  person  who  can'  train  others  and 
thus  make  far-reaching  contributions  to  the 
entire  Navy. 

The  basic  ideas  behind  the  Advancement 
system  have  remained  stable  for  many  years>  but 
specific  portions  may  change  rather  rapidly.  It  is 
important  that  you  know  the  system  and  follow 
changes  carefully.  BUPERS  Notice  1418  will 
normally  keep  you  up-to-date.  ^ 
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Hie  nonnal  system  of  advancement  may  be 
easier  to  understand  if  it  is  broken  into  two 
parts. 

1.  Those  requirements  that  must  be  met 
before  you  may  be  considered  for  advancement. 

2.  Those  factors  that  actually  determine 
whether  you  will  be  advanced, 

QUALIFYING  FOR  ADVANCEMENT 

In  general,  to  quality  (be  considered)  ft>r 
advancement,  you  must: 

1.  Have   a   certain   amount  of  time  in 
pay  grade. 

2.  DemonvStnite  knowledge  of  material*  in 
your  mandatory  Rate  Training  Manuals  by 
achieving  a  suitable  scqre  on  your  command's 
test,  by  successfully  completing  the  appropriate 
NRCC  s  or,  in  some  cases,  by  successfully 
completing  an  appropriate  Navy,  schpol. 

3.  Demonstrate   ability    to   perform  the 
Personnel  Advancement  Requirements  (PAR),  . 
NAVPERS  1414/4.  r 

4.  ^Be  recommended  by  your  commanding 
officer 

5. ^  For  petty  officer  third  class  and  second 
class  candidatej^ONLY,  demonstrate  knowledge 
of  military  subjects  by  passing  a  locally 
administered  military /leadership  examination 
based  on  the  naval  standards  for  advancement 
(from  NAVPERS  18068  series). 

6.  Demonstrate  knowledge  of  the  technical 
aspects  of  .your  rate  by  passing  a  Navywide 
advancem^it  examination  based  on  the 
occupational  standards  applicable  to  your  rate 
(from  NAVPERS  18068  series,  those  standards 
listed  at  and  below  your  rate  level). 

Figure  1-1  is  a  detailed  view  of  the 
requirements  for  advancement  of  active  duty 
personnel  and  figure  1-2  is  similar  i?nformation 
for  inactive  duty  personnel.  Remember  that  the 
occupational  standards  can  change.  Check  with 
your  division  office^  or  training  officer  to  be 
sure  that  you  know  the  most  recent  standards. 

If  you  meet  all  of  the  above  requirements 
satisfactorily,  you  become  a  meinber  of  the 
group  from  which  advancements  will  be  niade. 
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REQUIREMENTS- 


TIME  IN 
GRADE 


SCHOOL 


personFjel 

advancement 

requirement 

(PAP) 

NAVPERS 

1414/4 


PERFORMANCE 
TEST 


NLISTED 
ERFORMANCE 
EVALU;\TION 


EXAMINATIONS^ 


El  to  E2 


6  mos . 


Recruit 
Trainin 
-{CO. 
ms-y  ad- 
vance u 
to  10% 
of  grad 
Vating 
class. ) 


F?  to  E3 


6  mos 


E3 
to  E4 


9  ntos. 


Class  A 
for  PR3, 
DT3,IS3, 
AME3, 
HM3, 
FTB3. 
MT3,MU3, 
EW3,  CT3 


As  used  bi  CO 
when  appjKving 
advancemflit. 


Locally 

prepared 

tests.. 


RATE  TRAINING 
MANUAL  {IN- 
CLUDING 
MILITARY 
REQUIREMENTS) 


AUTHORIZATION 


See 
below. 


E4 
to  E5 


12  mos 


Naval 
Justice 
School 
LN2 


E5 
to  E6 


36  ntos, 


IE6 
to  E7 


36  mos. 


Navy 
School 
for  AGC, 
MUC 


Personnel  Advancement  RequTfemenT 
{PAR)  must  be  completed  for 
advancement  to  E-4  through  E-7. 


Specified  ratings  must  complete 
applicable  performance  tests  be- 
fore taking  examinations. 


tE7 
to  E8 


36  mos. 


Assist 
ant 
Band- 
leader 
Course 
MUCS 


tE8 
to  E9- 


36.  mos .' 


''''''"^''''''I'f'i'i'i' 


Assistant 
Bandleader 
Course 
MUCW 
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Counts  toward  performance  factor  credit  in  advancement 
multiple. 


Na_vywide_  examinations  required  for  all  PO  advancements. 

Military  leader-  T  i'"Pl'us'7efectfon 'board 'for ""' 

sfiip  exam  requiredi  !*  e-7,  E-8,  and  E-9. 
for  E-4  and  E-5 


Required  for  E-3  and  all  PO  Advancements 
unless  waived  because  of  schod^Ljcomple- 
tion,  but  need  ncit  be  repeated  if  identical 
course  has  already  been  completed.  See 
NAVEDTRA  10052  (current  edition).. 


Commanding 
Officer 


Nonresident  career 
courses  and  » 
recommended  reading 
See  NAVEDTRA  10052 
(current  edition). 


NAVEDTRAPRODEVCEN 


.  *A)1  advancements  require  commanding  officer's  recommendation. 
t2  ye^rs  obligated  service  required  for  E-7,  E-8,  and  E-9.f 
**For  E-2  to/-3.  NAVEDTRAPRODEVCEN  exams  or  locally  prepared  tests  may  be  used 
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REQUIREMENTS* 

El  to 

E2 

 •  ■  -1 

E2  to 

*  "  --T  

E3  to 
E4 

E4  to 
E5 

ES"  to 
E6 

E6  to 
E7 

 ^ 

E7  to 

E8 

E8  to 
E9 

TOTAL  TIME 

IN  "GRADE  ^ 

• 

6  mos . 

6  TOS. 

9  mos. 

4 

1^  mos. 

36  mos. 

> 

36  ntos. 

'36  mos. 

36  mqs . 

TOTAL  TRAINING 
.DUTY  IN  GRADE!  ' 

14  days 
• 

14  days 

14  clays 

14  clays 

28  clays 

42:  days 

42  days 

c-O    vlajr  J 

•  PERFORMANCE 
TESTS 

Specified  ratings 
performance  tests 

must  complete  applicable 
before  taking  examination. 

DRILL 

PARTICIPATION 

 J  T-  „  T"-- 

Satisfactory  participation  as  a  member  of 
accordance  with  BUPERSINST  5400.-42  series. 

a  drill  unit  in 

PERSONNEL' 
ADVANCEMENT 
REQUIREMENT  (PARj 
NAVPERS  1414/4 

Personnel  Advancement  Require- 
ments (PAR)  NAVP€RS  1414/4  must^ 
be  completed  for  advancement  to 
E4  through  E7.^ 

.'•'•V.  *.'.'.*.'.'•  V.V 

.'•'.'«'.'.  .'.'.'.'.'/.*.'.*.%*,',','/.*.'.'.'.'.'.'•'.*.'.' 

»V«^VV.\\V,V|J.',V,V,\'.'.',V.'/,',',','.'.' 

RATE  TRAIN INd 
MANUAL  (INCLUDING 
MILITARY  REQUIRE- 
MENTS) 

Completion  of  applicable 
service  y^^jjrd. 

course  or  courses 

must  be 

* 

entered  in 

EXAMINATIt)NS** 

Local 1y 
prepared 
tests . 

See 

below.  ^ 

Navywide  examinations  required  for  all  PO  advance- 
ments. ^ 

Military  leader-! 
ship  exam  re-  ! 
quired  for  E-4  1 
and  E-5.       •  ! 

Plus  selection  board  for 
E-7.  £^8,  and  E-9. 

AUTHORIZATION 

Commanding  • 
Officer 

NAVEDTRAPRODEVCEN 

■r 

« 

♦Reconmertdation  by  coimtanding  officer  required  for  all  advancements.  " 
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s< 


WHO  WILL  BE  ADVANCED? 

Advancement  is  not  automatic.  Meeting  all 
of  the  requirements  makes  you  cligibh;  but  does 
not  guarantee  your  advancement.  Some  of  the 
factors  that  detennine  which  persons  of  all  of 
those  qualified,  will  actirally  be  advanced  in  rale 
are: 

I'Thc  scoreyniach?  an  the  advancement 
examination. 

2.  Tlie  length  of  time  in  service. 

3.  The  performance  mark^  earned. 

4.  The  number  of  vacancies  avaihible  in  a 
given  rate. 

If  the  number  of  vacancies  in  a  given  rate 
exceeds  the  number  of  qualified  personnel,  then 
all  of  those  qualified  will  be  advanced.  More 
often,  there  afe  more  qualified  people  than  there 
are  vacancies.  Wlien  this  happens,  the  Navy 
advances  those  who  are  BF-ST  qualified  by 
combining  thr^  personnel  evaluation  systems. 

\.  Merit  rating  system  (semiannual 
evaluation  aqd  co.mmanding  officer 
recommendation). 

2.  Personnel  testing  system  (a(*vancement 
.examination  score- with  some  crstlit  for  passing 
previous  advancement  exams). 

3.  Longevity  (seniority)  system  (time  in 
rate  and  time  in  service).  ^' 

Simply  stated,  each  individual  is  given  credit 
Jkr  what  he  or  she  has  achieved^  the  three 
silkies  of  performance,  knowledge,  and  seniority. 
A  composite,  known  as.  the  final  multiple  score, 
is  derived  from  these  three  factors.  All  of  the 
candidates  who  hav^  passed  the  ex  animation 
from  a  given  advancement  population  are  then 
laced  on  one  list.  Based  on  the  final  multiple 
score,  the  person  with  the  highest  multiple  6co,i;e 
is  ranked  .first,  and  so  on,  d<ywn  to  the  person 
With  the  lowest  multiple  score.  Advancement 
authorizatiotts  are  then  issued  for  candidates  for 
E4,-B5,  and  E6, -beginning  at  the  top  of  the  list, 
for  theinumber  of  persons  needed  to  fill  the 
existing  vacancies.  Candidates  Cor  E7  whose  final 
ihultipile  scores  are  high  enough  will  be 
designated  PASS  SELBD  ELIG  (Pass  Selection 
Board  Eligible).  Their  names  will  be  placed 


iK'fore  the  Chief  Petty  Officer  Selectiot^  Board,  a* 
BUPIiRS  board  chjirged  with  considering  yll 
so-designated    eligible    candidatVs  forr 
advanctjment    to    CPO..  Advan(t^ment 
authorizations  for  tlvose  being  advanced  to  CPO 
are  issued  by  this  board. 

Who^  .  then,  are  the  Individuals  who  are 
adviuiced?  Basically,  they  are  the  ones  who 
achieved  the  most  in  preparing  for  advancement. 
Tliey  wore  not  content  to"  just  "qu  Jify  rthey 
expended  extra  effort  in  their  training  Througli 
that  training  and  their  work  experience  they 
developed  greater  skills,  learned  more,  ^upd 
accepted  more  responsibility.  " 

While  it  cannot .  guarantee  that  any  one" 
person  will  be  advanced?  the  advancement 
sy stern  (iQQs  guarantee  that  all  persons  within  a 
particular  rylihg  Will  compete  equally  for  the 
vacancies  that  exist. 

HOW  TO  PREPARE       ^  - 
FOR  ADVANCEMENT 


What  must 
advj^icement? 


you    do*  to    prepare  for 


tiaval 


Standards  for 


your 


1.  Learn  the 
^  paygrade  lievel.^ 

2.  Learn  how  to  perfonn  the  work  defined 
by  the  occupational  standards  for  your  rating. 

3.  Work  on  the  Personnel  Advancement 
Requirement  (PAR)  PrDgrtim  for  your  rating* 

4.  Study  the  required  rate  training  manuals 
*for  your  rating. 

5.  Study  other  material  applicable  for 
advancement  in  you'r  ratii^g  such  as  shown  in  the 
Bibliography  for  Advance/rtent  Study, 
NAVEDTRA  10052.  (NOTE:  If  you  are 
working  for^  advancement  to  second  class* 
remember  that  you  may  be  examined  on  third 

'class  standards  -  as  well  as  on  second  class 
standards,  . 

ir 

Tlie  following  sections  describe  these  five 
f<(^on  and  give  you  somt  practical  suggestions 
on  how  -to  use  them  in^  preparing  for 
advancement. 

Naval  Standards 

Naval  standards  are  requirements  that'  apply 
to  all  rating?  rather  than  to  any  one  particular 
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rating.  Naval  reqiurenrcrtts  tor  advanccjncnt  to 
third  class  aftd  second  class^  petty  offlter  rates 
(leal  with  military  conduct,  naval  organization, 
mint;|ry  justice,  Spcurity,  watdistanding.  and 
•other  s^iibjects  which >lart  required  of  petty 
officers  in  &II  ratings.  . 

You  are.  required  to"  pass  a  N^v^wlde^ 
military/leadership  cxamina^ibn  for  1>.4  or 
as  appropriate,  before  yoii  take  the  professional 
cx^un  inat  ions'.  The  nnii  t^ry^leinfefship 
examinatitsins  are  admii|istere.d  oh^a  schedule 
di&tennined \  by,  your  commanding  officer, 
dndidates  are  required  to  pass  the  applicable 
military/leadership  examination  only  once.  'Fach 
of  these  examinations  consists  bf  100  questions 
based  on  information  ^contained  \n  Military 
Require ni^ n ts  fihr  Pe 1 1\  Officers  3  &  2, 
NAVEDTRA  10056  (current  edition)  and  in 
other  publications  listed  in  the  Bibliography  fyr 
A  d  vancernent  'Study,  NAVEDTRA  1 0(^5  2 
(current  editioir). 

Occupational  Standards 


are  requirements 
the  work  of  each 


Occupational  Standards 
that  are  directly  related  to 
rating. 

^oth  the  naval  standards  and  the 
dccupational  standards  are  divided  \\\io  subject 
matter  groups.  ^ 

Jh&^Mariual  of  Navy  Enlisted  Manpower  and 
Personnel  Classifications  / and  OccufMitional 
Standards,  NAVPERS  18068-D  has  replaced  the 
**quals  manual"  ami  the  NEC  manual.  Section  I 
contains  the  occupational  and  naval  standards 
for  advancement  to  each  pay  grade  in  each 
enlisted  rating.  Sectipn  II  contains  thejslavy 
Enlisted  Classification  Codes. 

Advancement  Examinations 

The  Navywide  advancement  examinations 
for  paygrades  E-4  and  E-5  contain  150  questions 
related  to  fhe  occupational  areas  of  your  rating. 

On  the  day  you  take  your  advancement 
examination/  your  examination  proctor  will 
announce^  that  you  are  to  remove  the^last  sheet 
of  your  test  booklet  and  give  it  to  him.  This  last 
^  page  of  your  booklet  is  the  Exam  Information 
Sheet,  shov(n  in  figure  1-3,  and  on  the  reverse 
Side  i|^  the  Profile  Form  Information  Sheet, 


shown  in  figure  1-4.  When  you'  turn  in 'your 
examination^,  the^sliQct  will  be  returned  fbr  you 
to  keep.  ^    \  ^  * 

•  Several"  weeks  after  your  exanunation..you 
sllould  receive  a  profilf  card  similar  to  the.  one 
sliown  inside  the  black  frame^Ut^^lgure  14* 
Suppose  your  profile  card  (tlg/M)  shows  a  "P'*' 
I  on  section  5  (see  the^arrow)  of  the  examination; 
you  should  then  refer  back  to  tlve  Exam 
Infennation  Sheet,  figirre  1^3.  Jf  you  then 
compared  section  5  on  the  profil^  card  to  the 
section  of  figure  1-3  marked  by  the  mafginal 
arrow,  y<»u  would  fine  the  suhject.  Telescopes. 
Since  you  had  received  a  **P''  for  ppor  on  this 
section,  stud^  would  appear  necessary  on  that 
subject  and  standards  before  y^ur  next 
examination. 

Your  Education  Services  Officer  should  be 
able  to  furnish  'you  with  a  standards  and 
bibliography  sheet  Jh£  ejich  examination  you  are 
to  take.  This  bibliography  will  cite  the 
publications  used  in  examination  development.^ 
These  sheets'  along  with  yqur  profile  card  and 
Exam  Infomiation  Sheet  will  help  you  plan  your 
study  for  examinations. 

PERSONNEL  ADVANCEMENT 
REQUIREMENT  (PAR)  " 
PROGRAM,  NAVPERS  1414/4 

The  Personnel  Advancement  Requirement 
(PAR)  is  a  new  system  of  evaluation  that 
replaces  the  Record  of  Practical  Factors, 
NAVEDTRA  1414/1,  The  PAR  is  based  on  the 
new  occupational  standards  and  is  presented  in 
task  statements,  whereas  the  old  Record  .of 
Practical  Factors  was  stated  in  tenm  of  practical 
factors  and  knowledge  factors  which  required 
lengthy  and  detailed  checkoff  list^.  The  PAR 
^ows  a  command  to  evaluate  the  overall 
roilities  of  an  individual  in  a  day-to-day  work 
situation. 

The  E-8  and  E-9  paygrades  are  exempted 
from  the  program  because  there  are  other  means 
of  selection  for  advancement  to  these  paygrades. 
Also,  the  ^-3  apprenticeships  are  so  broad  that  it 
is  impractical  to  develop  a  single  PAR  for  this 
pay  grade. 

The'  PAR  for  each  rating  lists  the 
requirements  for  advancement  to  paygrades  E4 
through  E-7  in  one  pamphlet.  The  PAR  is 
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GIVE  THIS  SHEET  TO  yOUR  PROCTOR, 
OH?  EXAM 

.    eXAM  INFORMATION 

8UBJECT-MATT6R  SECTION 
IDENTIFICATION 

TMISt  »t ANDMM  AMK  FKOM  f  tcflON  I.  NAVY  CHtttTKO  OCCtlPATIOHAL  STANMIIM,  Of  TNC  MANUAt 
t)r  ItAVTllWmOliMIWWW  aw  fWIOliHit:  CUTtiriCATtdftt  and  OOCUPATtONAt  fTANOAUM 

•  ^     NAVPERS  MBOee-O  INCLUDING  CHANOfe  7 

w 

THE  BASIC  BIBLIOGRAPHY  FOR  THIS  EXAMINATION  IS  CONTAINED  IN 
BIBLIOGRAPHY  ^0R  ADVANCEMENT  STUDY  (NAVtOTRA  I00S2  AA) 

FOR  ALL  EXAMINATIONS  WITH  SERIAL  NUMBERS  FROM 

880001  TO  889999 

I.    ThU  tjMtnitlon  w«s  dWIdtd  Into  SUWECT.HATT€R  SECTIONS.    ThI  tltlts  of  thttt  stctlw>t 
art  qtntr*!  In  natgrt  And  rtprtstnt  th#  occupttfonil  rt<)u1rMitnts  of  thU  r«tt,    Th*  chart 

•  below  thoNS  both  tht  »tct1on«rbrt«ltdo«n  for  THIS  tKiinln«tlon  «nd  the  st«nd«rds  from  The 
71""^  Henpowtr  «nd  Pertonnti  Cl«»$if icitlons  ind  Occupational  St«nd«rdi 
(N*vPeri  ieO68-0)  used  to  support  the  questions. 

hu2''it^f^J^l^V^^l^^^        ^I1I^!T^[:!!!^^  Blbnognphy  for  Advanctfient 

?;;;vsn^^s;bno'^:pV"*^'"' '''''  ^^^-^  '^^^^^^  refe?rnj^^?ri:^^on^[d7r.T:.vi^^^ 

IrM^JT'  SUBJECT^HATUR  SECTION  lOEHTIf  ICATIOH  SHEET  Is  to  be  used  with  the  PROFILE  ANALYSIS 

?  *  '^^•V  \^  •  candidate's  strengths  end  weaknesses 

in  terms  of  lubject-iftatter  for*  this  partlcufar  examination.  * 

4.    USN«,R  u%a9f  of  the  PROFILE  ANALYSIS  FORM  Is.covered^y  separate  correspondence. 


EXAMINATION 

SECTION  ^ 


$U«JCCT-MATT€R  SECTION 
TITLE 


STANOAROS  SUMOWmO  THE  QUESTIONS 
(FROM  NAVMnI  ItOM) 


.OPTICAL  THEORY 
MACHIfJE  SHOP 
MAlNtENANCE  h\)  REPAIR 
BASIC  INsK^UHENTS 
TtLEiiCOPES  \ 
PERISCOPES 
ADMINISTRATION 


72002,  72017, 

40002,  40003.  4P004,  40005.  50005 
72002.  72003,  72008.  72015/79001 
72002.  72009 
2^002.  72005,  72001 
72006.  72007.  72012 

50632.  50928.  50960.  54015,  546^3.  54644. 
54654 


I'^g^^'^WT  MUtIO  WtTN  TNf  «MNUAi  Of  NAVY  MHLWn  MANMWfR^ND 
PniONNtL  CtMMnCATIONt  ANO  OeCWAtWNAL  ttANMUM  fNAVKM  ItMII 


Flgui*  1'3.TEx«n  Infom^ttion  Shttt. 
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UNCLASSIFIED  UPON  REMOVAL 
FROM  EXAMINATION  BOOKLET 


C/yf  THIS  SHEET  TO  YOUH  PROCTOR 


PROFUSE    FORM  INFORMATION 


FHOM  €OMMAM0<M0  0»P4Cin 


DEPARTMENT  OF  THE  NAVY 

NAVAL  IDUCATION  AM  TnAlNiNO  fnOORAM 
OfVILO^lNTCINTtn 
PlWtACOLA.  f  LO«IDA  m«t  untll/i 


TO  (YOUR  NAM^  WiLl  APPEAR  HERE) 


(a)- 


-  12349  AB 

(YOUR'fxAM  SERIAL  NUMBER  AND 
THE  DATE  WILL  APPEAR.  HERE) 


•  KAiMHATlOM 
•TATUt 


TH«  MtfOMMTtON  PAOVIQCO  NKM  l|  A  ^Of ILI  Of  YOiM  HltATiVt  ITANCMNQ  WITH  AL(<  OTH|PI|  IN  VOUfI  NATf  (N  f ACH 
•UMCT^tTln  HCTlOM  TMI  INPOMIATlO««  H  TO  11  UflO  WITH  ThI  tU*i«CT  MATT|n  lOlttllPlC ATlQN  fNtlT  rOM  TMf  tXAM 
tNATlOH  HrIII  lNp4CAT|(^»tAMMNO«  Aflf  IaMO  ON  OVlH  W\  HI  TURN!  NO  llONlftCANT  ChANUI  WITH  ALL  NlTlMAM  IN 

r 


voun 

PINAL 
MOLTtn.1 

(2) 


lNp4CAT|a,.^ 

MlNI1MJM(4r 
•MXT(PLt\^, 
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GOrv  TO 

invfCi  Mco 
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iNTinMlTATlON 


LA 


12 


PA(M 


'I.  IL**>*i»«M*  ] 


•  YOO  l*AV  CONTACT  VOiM  MO  'O**  f>*T  A  UtIO  f  0*l  YOUB  MULTlPLI  COWUTATtON 


S 
o 
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INSTRUCTIONS 


A.  Th«  tXAMlNATION  rHOriLB  INP0M4ATI0N  FORM  is  praparsd  at  tt|»  Naval  Bducation  and 
Training  rro9r4i|  DwvalopiMnt  Cantar  to  halp  ^ilch  candldata  analyia  his  strangths 
«nd  waakifassas. 

B.  Tha  Information  on  tha  EXAMINATION  PROFILE  INFORMATION  FORM  is  gsnarally  sslf- 
axplanatory.  Tha  cli^clad  numbara  abova  will  hava  antrlas-.  aa  iollowa  t 

1.  Your  FASS/FAIL  atatua  and  Navy  Standard  Scora  attalntd. 

2.  Your  final  multlpla  unlaaa  you  ara  daalgnatad  aa  a  diacrapancy  or  fail 
tha  axaminAtlon.    Tha  lattar  B  pracadaa*^  your  final  multlpla  If  you  hava 
baan  datartninad  to  ba  an  Early  advancamant  candldata. 

3.  Tha  final  multlpla  raqulrad  for  advancajmant  or  aalactlon  board 
aliglbllity  unlaaa  you  ara  daal^natad  aa  a  dlacrapanoy  or  fall  tha 
axamlnatlon.     For  ratlnga  whloh  ara  all  advanca  ratln^a,  tha  word  ^'PASS'* 
will  appaar  In  thla  block.    An  E  pracadaa  tha  final  multlpla  raqulrad  , 
for  advancamant  of  Barly  candldataa, 

4.  8BCTI0N/STAN0ING  antrlaa.     Tha  numbarad  boxaa  rafar  to  thoaa  aubjact- 
m^ttar  aactJLooa  ahovh  on  tha  ravaraa  alda  of  thla  ahaat  for  tha 
axamlnatlon  which  you  took.    Tha  STANDING  Una  will  ahow  lattar  codaa 
Indicating  how  you.  Individually,  parformad  in  aach  aub jact-mattar 
aactlon  comparad  with  all  othar  candldataa  taking  thla  aama  axamlnatlon. 


•5. 


Pravioua  cycla  PNA  point  information* 
aligibla  ara  includad. 


Currant  cycla  pointa  aarnad  if 


•APPLICABLE  TO  PAY6RADES  Et«-6  ONLY,  - 


NOTB)     tlnoa  aub)  act '-mat  tar  aaotiona  vary  in  tha  numbar  of  quaationa,  thla  profila 
oannbt  ba  uaad  to  cc«p«ra  ovary^ I  aXiAination  parformanca  batwaan  candldataa 
and  ii(  valid  only  for  aactloh-by-aaction  comparlion. 
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Chapter  I  ADVANCHMbNT 


comprised   of  three  sections  which  >rcontain 
'descriptive    int'onnation,    instmctions  for 
administration,  special  rating  requirements,  and 
advancement  requirements.  ^ 

^Sirction    I   Administration   Rc(|uiremonts - 
contains  thejndividual  s  length  uf  service,  time 
rin  paygrade,  and  a  checkoff  for  thv  iniTiVtd'Uars 
having,  passcnl  the  lv4/l>5  mihtary/lcader.ship' 
examination. 

Sectibn  II  Fomial  School  and  Training 
Requirements -contains  a  checkoff  entry  tor  the 
individual's  having  completed  the  Military 
Requirements  Navy  Training  Course  and  tfie 
applicable  Navy  Training  Course  for  the  rating. 

Section  III  Occupational  and  Military 
Ability  Requirements-is  a  checkofTMist  of  task 
statements.  Items  in  this  section  are  to  be 
interpreted  broadly  and  do  not  demand  actual 
demonstraticti  of  the  item  nor  completion  of 
alternate  local  examination,  althougli 
demonstration  is  a  command  prerogative. 
Individuals  are  evaluated  by  observation  of  their 
ability  to  perfomi  tasks  in  related  areas  by 
training  received  or»  if  desired,  by 
demonstration.  .  - 

PAR  fonns  are  stocked  in  the  N^vy  Supply 
System. 


furnished  if  each  person  had  an  individual 
iNstmctpr  throughout  each  step. 

Personnel  QualiTication  Standards'  are 
designed  to  support  adv^icement  in  rating 
requirements  as  stated  in  the  Navy  Enlisted 
Manpower  and  Personnel  Classifications  and 
Occupational   Standards.    (NAVPERS  ^8068 


series.) 

Kvery  Persomiel  Qualificatian 
contains  the  following  sections:  ^ 


Standard 


1.  introduction 

2.  Glossary    of   Qualification  Standard 
Tenns  , 

3.  Table  of  Contents 

4.  1 00  series  -  Theory 

5.  200  series  -  System^ 

6.  300  series  -  Watchstanding 

7.  400  series  -  Qualification  Cards  , 

8.  Bibliography  » 

9.  Feedback  Fomis 

PURPOSES,  BENEFITS,  AND 
LIMITATIONS  OF  THE  PLANNED 
MAINTENANCE  SYSTEM 

PURPOSES  * 


PERSONNEL  QUALIFICATION 
STANDARDS 

The  Personnel  Qualification  Standard  is  a 
document  ^hich  describes  the  knowledge  and 
skills  a  trainee  must  have  to  correctly  perform 
certain  duties.  It  will  speed  up  learning  progress 
since  each  person  will  Jknow  exactly  what 
information  to  obtain  to  qualify  for  increasingly 
complex  duties.  It  individualizes  learning  so  that 
each  person  may  take  advantage  of 
opportunities  to  learn  on  the  job.  It  places  the 
responsibilities  for  learning  on  the  learner  and 
encourages  self-achievement.  By  providing  a 
convenient  record  of  accomplishment,  it  offers  a 
means  whereby  supervisors  can  check  individual 
speed  and  manner  of  performance. 

Since  the  Personnel  Qualification  Standards 
have,  been  assembled  by  groups  of  experienced 
officers  and  petty  officers,  they  attempt*  to 
represeht    the    gui(|ance    which    would  be 


The  Planned  Maintenance  Systen]  (PMS)  was 
established  for  several  purposes: 

I-  To  reduce  complex  maintenance  to 
simplified  procedures  that  are  easily  identified 
and  managed  at  all  levels. 

2.  To  define  the  minimum  planned 
maintenail^e  required  to  Schedule  and  control 
PMS  perfonnances.  ^   ,  ;  ; 

3.  To  describe  the  methods  and  tools  to  be 
used. 

4.  To  provide  for  the  detection  and 
prevention  of  impending  casualties. 

5.  To  forecast  and  plan  manpower  and 
^material  requirements. 

6.  To  plan  and  schedule  maintenance  tasks. 

7.  To  estimate  and  evaluate  material 
readiness. 

8.  To  detect  areas  inquiring  additional  or 
improved  personnel  training  and/or  improved 
maintenance  techniques  or  attention. 

9.  To  provide  increased  readiness  of  the 
ship. 
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BENEFITS 


PMS  is  a  tobi  ot  command.  By  using  PMS. 
fhe  Commanding  Of  ilcer  can  readily  determine 
whether  the  ship 'is  being- properly  maiiitained. 
Reliability  is  intensified.  Preventive  maintenance 
reduces  the  need  for  miyor  corrective 
maintenance,  increases  economy,  and  saves  the 
cost  ot' repairs. 

PMS  assures  better  records,  containing  more 
data  that  can  be  useful  to  the  shipboard 
jpaintenauce  manager.  Hie  flexibility  of  the 
systenv^ aMows  for  programming  of  inevitable 
change'^'  in  employment  schedules,  thereby 
helping  to  better  plan  preventive  maintenance. 

Better  leadership  and  ihanagemcnt  can  be 
realized  by  reducing  fmstrating  breakdowns  and 
irregular  hours  of  wofk.  PMS  offers  a  means  of 
improving  morale  and  thus  enhances  the 
effectiveness  of  both  enlisted  personnel  and 
officers.  . . 

LIMlTATIONSrOFPMS 

The  Planned  Maintenance  Sj/stem  is  not 
self-starting:  it  will  not  automatically  produce 
good  results;  considerable  professional  guidance 
is  required.  Continuous  direction  at  eacli 
echelon  must  be  maintained,  and  one  irvdividuaT 
must  be  assigned  both  the  authority  and  the 
responsibility  at  ^ach  level  of  the  system's 
operation. 

Training  in  the  mainteoance  steps  as  well  as 
in  the  system  will  be  necessary.  No  system  is  a 
substitute)  for  the^  actual'  technical  ability 
required  of  the  officers  and  enlisted  perspnnel 
who  direct  and  perform  upkeep  of  the 
equjpmen{. 


SOURCES  OP  INFORMATION 

One  of  the  most  useful  things  you  can  learn 
about  a  subject  is  how  to  find  out  more  about  it. 
No  single  publication  can  give  you  all  the 
information  you  need  to  perform  the  duties  of 
your  rating.  You  should  Icam  where  to  look  for 
accurate,  authoritative,  up-to-dat*  information 
<m  all  subjects  related  to  the  naval  requirements 
for  advancement  and  the  occujpational  standards 
of  your  rating. 


In  this  section  we  shafll  discuss  most,  of  the 
pu>blications  '  you  will  use.  The  detailed 
infonnatiou  you  need  for  a.dvanccment  and  for 
everyday  work  is  contained 'in  tlwm.  Some  are 
subject  to  Change  or  rcvtsmn  from  time  to 
time -some  at  regular  interviHs,  others  as  the 
need  arises.  When  using publication  Oiat  is 
subject  to  change  or  j;t,'mioh,  be  sure  that  you 
have  the  latest  cdttion.  When  using  any 
publication  that  is  kept  current  by  means  of 
changes,  be  sure  you  have  a  copy  in  which  all 
offfcial  changes  have  been  made.  Studying 
canceled  or  obsolete  infonnation  will  not  help 
you  to  do  your  work  or  to  advance  in  rate.  At 
best,  it  is  a  waste  o^"  time:  at  worst,  it  is  likely  to 
be  dangerously  misle^ing. 


NAVEDTRA  PUBLICATIONS 

Rate  training  manuals,  nonresident  career 
courses  artd  other  tfaining  tfexts  and  courses  to 
help  you  become  more  knowledgeable  in  your 
career  field  are  prepared  by  the  Naval  Education 
and  '^Training  Program  Development  Center. 
Since  this  center  is  a  field  activity  of  the  Chief 
of  Naval  Education  and  Training,  these  training 
materials  are  > designated  as  NAVEDTRA 
publications.  Some  trajning  materials  still  are 
designated  as  NAVPERS  or  NAVTRA 
publications,  but  as  they  are  updated  their 
designations  will  be  changed  totJAVEDtftA. 

The  naval  training  publications  described 
herein  include  some  that  are  absolutely  essential 
for  anyone  seeking  advancement  and  some  thai, 
although  not  essential,  are  extremely  helpful. 


NAVEDTRA  10052 


Bibliography  fpr  Advancement  Study, 
NAVEDTRA  10052  is  ^a  very^igiportant  pub- 
lication for  any  enlisted  pertOn  preparing  for 
advancement.  It  lists  requirec^nd  recommended 
rate  training  manuals  anJ  other  reference 
materials  to  be  used  by  peMOnnel  working  for 
advancement.  Especially  intflbrtant  are  the  listed 
manufacturer's  technical  manuals. 

•  NAVEDTRA  10052  is  revised  and  issued 
annually  by  the  Chief  of  Naval  Education  and 
Training.  Each  revised  edition  is  identified  by  a 
Jetter  following  the  NAVEDTRA  number.  When 
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Chapter  I  ADVANCI^Mt-NT 


using  this  publfcii^on,  be  sure  that  you  have  Mie 
most  rcct'iH  ochtion.  ^ 

If  exteixSivc  change«  iiv- standards  oc^ur  in 
any  rating  iK'tyoon  (he  annual  revisions  of 
NAVKDTRA  10052,  a  supplemMitary  list  of 
study  material  may  be  issued  in  the  form  otV 
BUPErtS  Notice. -^len  you  are  preparing  for  • 
advantemei\t,  cljeci\to  see  whether  changes  have 
been  made  in  the^standards  fof  yqur  rating,  If 
changes  have  been  made,  see  whether  a  BUPERS 
Notice  has  been  issued  to  supplement 
NAVtDTRA  10052  for  your'rating. 

Ilie  ret^uired  and  recommended  references 
arc  listed  by  paygrade  in  NAVhiDTRA  10052.  If 
you  are  working  tor  advanceiiient  to  third  class, 
study  the  materia!  that  is  listed  for  third  class.  If 
you  are  , working  for  advancement  to  second 
class,  study  the  material  that  is  listed  for  second 
class,  but  remember  tbat  you  are  also 
responsible  tor  the  references  listed  at  tlie  third 
class  level.  % 

In  (iising  NAVUDTI^A  10052,  you  will 
notice  tliat  some  rate  training  manuals  are 
marked  with'  an  asterisk  (♦).  Any  ni*\nual 
marked  in  this  way.  is  MANDATORY-that  is, 
you  must  complete  it  at  the  indicated  rate  level 
before  you  can  be  eligible  to  take  the  Navy  wide 
examination  for  advancement.  Each  mandatory 
manual  may  be  completed  by  (I)  passing  the 
appropriate  nonresident  career  course  that  is 
based  on  the  mandatory  training  manual;  (2)  * 
passing  locally  prepared  tests  based  on  the 
information  given  in  the  training  manual;  or  (3) 
in  some  cases,  successfully  completing  an 
appropriate  naval  school. 

'  Do  not  overlook  the  section  of  NAVEDTRA 
10052  which  lists  the  required  and 
recommended  references  relating  to  the  naval 
standards  for  advancement.  Personnel  of  ALL 
ratings  must  complete  the  mandatory  military 
requirements  training  pianual  for  the 
appropriate  rate  level  before  they  are  eligible  to 
advance. 

The  references  in  NAVEDTRA  10052  which 
are  recommended  but  not  mandatory  should 
also  be  studied  carefully.  All  references  listed  in 
NAVEDTRA  10052  may  be  used  as  source 
material  for  the  written  examinations,  at  the 
appropriate  rate  levelf.  ( • 

Besides    training    manuals,  NAVt&DTRA* 
100*52  lists  official  publications  on  which  you 


may  be  examined.  Y6u  should  not  only  study 
tlie  sections  required,  but  should  become  imi 
familiar  as  possible  with  all  publications  you  use. 

Rate  training  Manuals 

There  are  two  general  types  of  rate  training 
manuals,  RATING  manuals  (such  as' this  one) 
are  pre*pare*d  for  most  enlisted  ratings..  A  rating 
manual  gives  infonnation  tliat  is  directly  related 
to  the  occupational  ;|tandards  .of  one  rating. 
SUBJFXT  MATTER  manuals  or  BASIC  manuals 
give  intbmiation  that  applies  to  morp  than  one 
rating. 

Rate  training  manuals  are  revised  trom  time 
to  time  to  keep  them  up-to-date  tec|inically.  Tlie 
revision  of  a  rate  training  manual  is  identified  by 
a  letter  following  the  NAVEDTRA  number.  Yqu 
can  till  whether  any  particular  copy  of  a 
trainiiig  manual  is  the  latest  edition  by  checking 
the  NAVEDTRA  number  and  the  letter 
following  this  number  in  the  most  recent  edition 
of  List  of  Training  Manuals  and  Correspondence 
Courh^s,  NAVEDTRA  J006I.  (NAVEDTRA 
10061  is  actually  a  catalog  that  lists  all  current 
traiW^ng  manuals  and  courses;  you  will  fmd  this 
catalog  useful  in  planning  your  study  program.) 

Each  time  a  rate  training  manual  is  revised,  it 
is  bnqiight  into  confomiance  with 
publications  and  directives  on  whicF.  it  is 


However,  during  the*Ufe  of  any  edit 
training  manual,  changes  <vill  be  lAade^to  the 
offic^'isources  and  discrepancies  will  arise.  In 
the  performance  of  your  duties,  you  should 
always,  refer  to  the  appropriate  pfficial 
publication  or  directive.  If  the  offi<iial  source  is 
Ijjsted  In  NAVEDTRA  10052,  the  Naval 
Educii|ion  and  Training  Program  Development 
Center  uses  it  as  a  source  of  questions  in* 
p'^reparing  the  fleetwide  examinations  for 
advaocehtent.  In  case  of  discrepancy  between 
any  publications  listed  in  NAVEDJRA  10052 
for'a  given  rate,  the  examination  writers  will  use 
tire  niostrrecent  material. 

Rat^  training  manuals  are  designed  to  help 
you  prepare  for  advancement.  Tlie  following 
suggestions  ihay  help  you  to  make  the 'best  usft 
of  this  manual  and  other  Navy  training 
publications  when  you  prepare  for  advancement, 

1 .  Study  the  naval  standards  and  ttie 
occupational  standards  for  your  rating  .before 
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you  study  the  training  manual 'iiful  loTor  to  the 
staiulartis  fre(|ucnfly  as  you  study.  RcnuMnljor. 
you  arc  studying  the  manual  primarily  to  meet 
tlR«se  standards.  ^ 

2.  Set  up  a  regular  study  plan,  it  will 
probably  be  easier  tor  you  to  slick )to  a  sehedulj 
if  you  can  phn  to  study  at  the  same  time  each 
day.  II"  possible,  schedule  vour  studying  tof  a 
time  of  day  ,when  y^u  will  not  have  too  many 
interruptions  or  distractions. 

3.  Before  you  begin  to^stujly  any  part  of 
the  manual  intensivtV.  become  familiar  with  the 
entirt;  book.  Read  the  preface  and  the  table  of 
contents,  theck  through  the  index.  Thumb 
through  the.  book  without  any  particular  plan. 
Look  at  the  illustrations  and  read  bits  heiv  and 
there  as  you  .see  things  that  interest  you.  A  table 
.on  conversion  to  the  metric  system  appears  in 
Appendix  I  for  your  convenience. 

4.  Look  at  the  training  manual  in  more 
detail  to  see  how  it  is  organized.  Look  at  the 
ti>ble  of  contents  again.  Then,  chapter  by 
chapter,  read  the  introduction,  the  headings,  and 
the  subheadings.  In  this  manner  you  will  get  a 
pretty  clear  picture  of  the  scope  and  cr^ptent  of 
the  book.  As  you  look  through  the  book,  ask 
yourself  some  question^ 

What  do  I  need-to  learn  about  this? 

Wliat  do  I  already  know  about  this? 
-         How  ^s   tlijs   information  related  to 
information  given  in.  other  chapters? 

How  i!>  this^  infonnation  related  to  the 
^   occupational  standards? 

5.  When  you  have  a  general  idea  of  what  is 
in  the  training  ttianual  and  how  it  is  organizedi. 
fill  in  the  .details  by  intensive  study.  In  each 
study  period,  try  to  cov^r  a  complete  unit-It 
rtiay  be  a  chapter,  a  section  of  a  chapter,  or  a 
subsection.  The  dmount  of  material  that  you  can 
cpver  at  one  time  will  vary.  If  you  know  the 

..subject"  welLor  if  the  material  is  easy,  ymi  can 


cover  \iuitc  a  lot  at  one  time.  Difficult  or 
ilnfamillar  material  will  require  more  study  time. 

6.  In  studying  any  one  unit  -  chapter, 
section,  or  subsection  write  down  the  questions 
that  occur  \o  you.  Many  people  find  it  helpOil 
to-  uKike  a  written  outline  of  tJie  unit  as  they 
study,  or  at  least  to  write  down  the  most 
important  Ideas. 

.  .7.*As*you  study,  relate  the  Infonnation  in 
the  training  manual  to  the  knowledge  you 
alrcady  have.  When  you  road  about  a  process,  a 
skill,  or  a  situation,  try  to  see  how  this 
infonnation  ties  in  with  your  own  past 
experience. 

8.  When  you  have  finished  studying  a  unit, 
take  time  out  to  see  what  you  have  learned. 
Look  back  over  your  notes  and  questions. 
Maybe  some  of  your  questions  have  been 
answered,  but  perhaps  you  still  have  some  that 
are  not  answered.  Without  looking  at  the 
training  manual,  write  down  the  main  ideas  that 
you  have  gotten  from  studying  this  unit.  Don't 
just  quote  the  book.  If  you  can't  give  these  ideas 
in  your  own  words,  the  chance*  are  that  you  . 
have  not  really  mastered  the  information. 

9.  Use  nonresident  career  courses  whenever 
you  can.  The  courses  are  based  on fato  training 
manuals  Or  on  other  appropriate  texts.  As 
mentioned  before,  cDmplation  of  a  mandatory 
rate  training  manual  can|be  accomplished  by.  " 
passing  a  nonresident  career  course  based  on  the 
nite  training  manual.  You  will  probably  find  it 
helpful  to  take  otherWurses,  as  well  as  those 
based  on  mandatory  ni^nu^s.  Taking  a  course 
helps  you  to  master  the  inforhiation  given  in  the. 
training  manual  and  also  helps 'you  to  see  how 
much  you  have  learned. 

.  10.. Think  of  your  future  as  you  study  rate 
training  manuals.  You  are  working  for 
advancement  to  third  class  or  second  class  right 
now,  but  some  day  you  will  be  working  toward 
higher,  rates.  Anything  extra  that  you  can  learn 
now  will  also  help  you  later. 
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CHAPTER  2 


HE  NATURE  OF  LIGHT 


Since  the  dawn  of  civili/ntion,  'the  ival 
nature  ol"  light  and  the  wijy  it  travels  has  aroused 
curiosity.  The  answer  to  the  \jucstion,  "What  Is 
Light?"  has  changed  several,  times  in  the  past 
300  years  and  wc  are  still  .experimenting, 
looking  lew  the  scie^itiHc'  Tacts  that  will  give  a 
tmc  answer. 

There  is  no  single  theory  that  explains  all  ol 
the  charlicteristics  of  light.  Because  of  space 
hmitation.  we.  can  discuss  only  some  of  the^ 
theories  and  known  facts  of  light  behavior,  but 
enough  to.  give  you  an  idea  of  their  impact  on 
the  development  of  cu^ent  tJieories. 


THEORIES  OF  LIGHT 

Scientists  throughout  the  centuries  have 
developed  various  theories  concerning  liglit.  The 
ancient  Greeks,  for  example;  believed  that  light, 
was  generated  by  streams  of  particles  ejected 
from  the  eyes  and  was  then  reflected  back  into 
tl)e  eyes  from  objects  they  struck.  This  was  the 
theory  of  generated  particles  which  did  not  last 
long  because  it  did  not  explain  why  a  person 
could  not  see  as  well  by  night  as  by  day. 

■    •     )  .  • 

PARTICLES  AND  WAVES 

In  the  latter  part  of  the  eigliteenth  century, 
two  new  <ichools  of  thought  emerged.  Issac 
Newton  believed  light  to  be  a  fliglit  of  material 
particles  originating  from  a  source  of  jiglit. 
Christian  Huygens  and  other  physicists  belie^Ted 
the  theory  that  light  energy  was  a  product  of 
wave  piotion.  The  argument  between  supporters 
of  the  particles  theory  and  supporters  of  the 
wave  theory  has  continued'  into  our  modem 
times.   '  ^ 


Corpuscular  Tlieory 

In  1704,  Newton  published  n  boo|c, 
OPTIC KS,  in  which  he  described  light  as  a 
stream  of  particles  calleil  corpuscles,  Prom  this, 
his  theory  became  known  as  the  corpuscular 
theory.  One  of  the  primary  ai^uments  which 
supported  the  particle  theory  of  light  was  that 
hght  travels  in  a  straight  line.  Since  waves 
created  on  walj^r  cause  a  disturbance  around  an 
obstacle  and  since  sound  can  be  heard  around 
the  corner  of  a  building,  particle  supporters^ 
would  not  believe  that  light  was  a  wave 
•phenomenon. 

Ether  Tlieory 

Huygens  is  generally  considered  the  founder 
.^of^the  wave  theory  of  light,  and  his  basic 
concept  is  still  very  useful  in  predicting  the 
behavior  of  light.  Although  Huygens'  theory  of 
wave  motion  appeared^  to  be  the  logical 
explanation  for  soijie  phases  of  light  behavior,  if 
was  not  aOiJepted  for  many  years.  Huygens  could 
explain  the  passiige  of  v/aves  through  water,  but 
he  could  not  explain  how  light  waves  trom  the 
sun  passed  through  space.  To  explain  this 
mystery,  he  proposed  that  light  passed  through  a 
nledium  that  occupied  all  space  which*  he  called 
ETHER.  He  assumed  that  ether  even  occupied 
sptlce  that  was  already  occupied  by  matter. 

About  50  years  after  Huygens  announced  his 
theory  of  wave  motion  of  light,  Thomas,  Young, 
Fresnel,  and  others  supported  tHe  wave  theory,- 
and  Newton's  corpuscular  theory  was  virtually 
abandoned.  These  three  scientists  accepted  the 
ether  theory  and  assumed  that  light  was  waves 
of  energy  transmitted  by  an  elastic  ;mediunl 
designated  by  Huygens  as  ether.  '  . 
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ELECTROMAGNETIC  THEORY 


Three  other  scientists  <|3olt/inaiin,  Ifwt/, 
and  Maxwell)  corulucteil  ex{vriments  whid) 
provcti-  that  light  aiul  electricity -are  sintilar  jn 
nuliation  and  speed.  As  a  ivsiiU  of  -Hicir 
experiments,     they     developeil-  the 

".  e  I  c  c  t  r o  nva  g  rt  e  t  i  c  t  heoiy .  They  pi  od uce  d 
olrernatiug  electric  currentii  with  short 
wavelengths  which  were  ilndbubtodly  of 
electronuignctic  origin  and  had  all  the^  properties 
of  light  waves.  This  theory,  sometimes  called, the 
Maxwell  theory,  held  that  energy  was  given  ^tT 
continuously  by  the  radiating  body. 

I'or  sojne  years  alter  the  introduction  of  the 
Maxwell  theory  of  liglit;  scientists  thought  the 
pii/.zic  of  light  was  definitely  solved.  In  1900, 
however.  Max  Plan,ck  rejected  the 
elcctroniagnehc  theory.  He  did  not  believe  that 
energy  from  a  radiating  body  was  given  off 
continuously.  He  contended  that  the  radiating 
body  contairttd  a  large  number  ot  tiny 
oscillators,  possibly  resulting  from  electrical' 
action  of  atoms  within  the  body;  his  idea  wils 
that  the  energy  given  off-by  the  body  could  be 
of  higli  frequency  aiul  have  high  energy  value, 
with  all  possible  frequencies  represented.  Planck 
argued  that  the  higlier  the  temperature  of  the 
radiating   body,    the    shorter  would  ^  be  the 

-wavelengths  of  most  energetic  radiation. 

» 

QUANTUM  THEORY 

To  account  for  U^c  manner  in,  which 
radiation  Ironi  a  warm,  blackbocly  is  distributed 
among  the  different  wavelengths,  Planck  found 
an  equation  to  fit  the  experimental  curves, 
which  ^were  based  on  lijitwaves  of  different 
lengths.  .He  concluded  that  the^  small  particles  of 
radiated  '^energy  were  CiRAINS  of  energy  like, 
grains  of  sand.  He  therefore' called  these  units 
quanta  and  named  his  theory  the  quantum 
theory.  He  assumed  that  when  quanta  were  set 
free  they  movecl  from  thei-r  source  in  waves. 

Five  years  later,  Albert  Einstein  backed  up 
Planck  with  some  '^complex  mathematical 
equations,  He  showed  that  c^uanta  somehow 
maitage  to  have  a  frequency,  like  waws.  But  the 
quanta  are  particles,  just  the  same. 


I  xpcrinKMits 'by  K.  A.  Millikim  proved  that 
I'instein's  c(|uarions  wcrv  corrcci,  In  i^21,  A.  H, 
(  ompton  studied  the  motion  of  the  electron  and 
the  light  quantum/ both  before  and  after  their 
collision,  He  found  ^hat  particles  of  light  hiu^e 
mumeiitum  and  kinetic  enei-gy,  just  like  particles 
of  matter,  whicri  brings  us  right  bacb^to  the 
cofpusci>lar  thecrry  again.  \   •  • 

Knowleilge  ginned  later  by  scientist^  from 
the  study  of  diffraction,  interference, 
polarization,  and  velocity  (discussed  later) 
proved  the  corpuscular  theory  of  light 
untenable.  More  recently,  however,  phenomena 
of  light  have  been  discovered  which  are  not 
accounted  for  by  the  wave  theory,  so  many 
scientists  now  accept  Maxwell's  electromagnetic 
theoiy. 

Spectroscopy  and  the  laser  have  given 
scientists  valuable  tools  with  which  to 
experiment,  and  the  results  of  these  experiments 
.are  causing  scientists  to  review  all  pre)^ious 
theories  of  light.  Although  not  conclusive,  there 
is  strong  evidence  t©  support  the  belief  that  light 
is  a  combination  of  the  quantum  theory  and  the 
electromagnetic  theory. 

-  Before  a  theory  concerning  light  propagation 
can  be  accepted,  it  must  prove  all  the 
phenomt^na  of  light  propagation.  Since  we  lack  a 
proven  theory,  we  have  no  choice  but  to  accept 
the  theory  that  best  explains  the  passage  of  light 
through  an  optical  instrument.^Tliis  is  the  wave 
theory  wl^ich  will  be  used  for  all  discussions  of 
light  in  this  manual. 


SOURCES  OF  LIGHT 

All  of  our  lives  we  have  been  aware  that  the 
sun  Is  our  greatest  source  of  light.  The  surt  and 
all  other  sources  of  liglit,  regardless  of  the 
amount  that  they  give  off,  are  considered  to  be 
luminous  bodies  because  they  emit  energy  in  the 
form  of  visible  light.  All  luminous  bodies  are 
placed  in  one  of  two  categories,  natural  or 
artificial. 

NATURAL 

The  Only  sources  of  natural  light  are  the.sun, 
which  is  9'3,0p0;O0O  miles  away,  and  the  stars; 
Even  thl5ligh  liglitning,  volcanic  activity,  and 
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eerttmi  vegetable  or  insect  lumineseence  art 
actually  natural  li^U,  they  are  not  relevant  to 
the  study  of  optic?.  <  • 

ARTIFIQIAt;  ^ 

^f'rom  the  previous^tatement,  you  can  easily 
understand  that  alt  light  which  does  not  conf\e 
Jroni-tly-Sun-Qtithc-Stais  is  artiflciaLiigltt^Jhis- 


covers  ail  light  from  the  first  fire  on  earth  to  the 
modem  laser.  Man  has  made  many  artificial  light 
sources  since  Tliomas  Edison  invented  the  first 
incandescent  bulb.  And  with  today's  neon  and 
fluorescent  lights,  wi  Jiave  a  wide  variety  of 
colors  and  intensities  from  which  to  choose. 

Ittuminated  Bodies 

Any  object  that  we  are  able  to  see,  because 
of  the  light  energy  reflected  from  its  surface,  Is 
called  an  illumihated  body.  The  moon,  because 
it  ret1ect$  light  from  the  sun,  is  an  illuminated 
body.  The  bo.ok  that  you  are  now  reading  is  an 
illuminated  body  because  it  reflects  light  energy, 
whether  it  is  from  a  natural  source  or  an 
artiflciai  source. 

Intensity  of  Illumination 

Illumination  Is  simply  the  act  of  casting  light 
energy.  The  intensity  of  the  atnount  of  light 
energy  that  is  given  off  is  a  m^or  factpr  in 
detenpihing  how  well  we  are  able  to  see  an 
object.  We  know  very  well  that  at  night,  when 
there  is  little  light  available,  it  h  difflcult  to 
distinguish  objects.        '  y 

In  determining  the  intiHisity  of  illumination, 
wc  measure  the  U^t  energy  coming  from  the 
luminous  or  illuminated  body.  One  way  to  do 
this  is  with  the  .exposure  meter  used  by 
phdtographers  (fig.  2-1).  All  you  need  to  do  is 
turn  th^  meter  tpward  a  light  source  or  ah 
illuminated  body  and  obsenre'the  movement  of 
<th6  hand.  Although  'the  meter  has  no  internal 
source  of  power  and  the  indicating  needle  has  a 
^rihg  acting  against  it,  the  needle  will  move 
when  tigit  strikes  the  sensing  element.  This>  a 
good  indication  of  the  energy  of  light 

The  unit  used  for  measuring  the  intensity  of 
llSht  U  caHed  CANDLEPOW^ft,  or  LUMEN.  If  a 
luminous  tioiurce,  for  example^  gives  ten  Mnies  as 
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Figur*  2-1.~EketH6  txpofurt'  mvttr. 


much  illumination  as  a  standard  candle,  it  has 
the  intensity  of  YO  candlepower. 

Because  of  the  difflcujty  in  getting  exact 
measurements  with  a  standard  such  as  a  cattdle, 
the  National  Bureau  of  Standards  n)aintains,a 
group  of  incandescent  electric  lights  which  fulflll 
certaih  conditions  as  standards  of  measurement. 
Secondary  standards  can  be  calibrated  from 
these  standard  lamps  by  any  laboratory  < 

The  amount  of  light  which  falls  on  a 
noniumlnous  source  is  generally  measured  in 
FOOT-CANDLES,  otliiminous  flux  • 

The  surface  of  an  ohject  is  illuminated  by  I 
foot-candle   when  iti  light   soufce   is  I 
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Fiflure  2-2  -  The  inverte  tquara  law  of  light. 


candlepower  at  a  distance  of  f  foot.  The 
fonniila  for  this  is: 

Foot^-art^les  =  ^?S^j2£2}^ 
{Distance)^ 

\ 

Look  now  at  figure  2-2.  If  the  object  is  2 
feet  from  the  lighj^  source,  the  light  from  the 
lamp  covers  four  times  the  area  it  covered  after 
traveling  1  foot.  The  illumination  at  this  poirtt  is 
only  one-fourth  of  a  fpot-candle.  Illumination 
provided  by  a  source  is  therefore  inversely 
proportional  to  the  square  of  the  distance 
between  the  source  and  the  object. 

Wave  Energy 

The  pictures  in  illustration  2-3  were  taken  a 
fraction  of  a  second  apart.  Note  in  part  A  that 
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Pigura  2-3.-Cr«ation  of  wavai  in  a  liquid  by  a  dropped 

pabble. 
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the  pebhio  made  a  ik\y\  in 

thai  (ho  suilacc  is  rcc 
position  and  is  rising.  Part 


the  solution  (milk) 
xovering  Its  natural 
B  shows  that  the 
surfaai  ol  the  niitk  has  begun  to  rise  and  that 
the  original  wave  is  beginning  to  spread.  Fneiigy 
is  spreaillng  out  \n  the  tonn  ot  httle  waves  on 
the  surtaee  of  the  milk  from  the  soijrce  of  the 
disturbance  caused  by  the  pebble.  The  waves  are 
circles  which  get  bigger  and  bigger  as  the  amount 
of  energy  (wave  motion)  created  by  the  pebble 
causes  them  to  exf'iand  the  bigger  the  pebble, 
♦the  greater  the  si/.e  of  the^vj^ves  and  circles. 
When  all  the  energy  produced  on  the  milk  by 
the  pebble  is  absorbed  by  the  waves,  they  stop 
forming,  as  illustrated 

During  the  latter  part  of  the  18th  century, 
^scientists  louiul  that  radiation  from  hot  bodies 
consists  of  e  lectroniagnetic  waves  (not 
mechanical).  This  type  radiation  is  called 
thermal  radiation.  Thermal  radiijtion  of  light 
waves  are  of  the  same  nature  and  exhibit  similar 
properties.^  Like  light  waves,  therniQl  radiation 
normally  travels  in  straight  lines  and  can  be 
.rcflected  front  a  mirror  or  polished  metal 
Tlicrmal  radiation  is  not  heat;  i(Jy^nergy  in  the 
form  of  Wave  motion. 

Lutninous  light  sources  such  as  the  sun  or 
the  glowing  filament  of  an  electric  light  bulb  act 
as  oscillators  in  radiating  energy  in  the  fonn  of 
light  waves,  and  these  waves  spread  out  in  all 
directions'  from, their  sources.  The  sun  pours 
forth  radiant  energy  from  its  surface  at  the  rate 
of  70,000  horsepower  for  every  square  yard,  of 
its  surface. 

Because  liglit  travels  outward  in  all 
direcrfohs  from  its  source,  the  waves  take  the 
formW  growing  spheres  (fig.  2-4),.the  luminous 
point  of  whi(?h  fs  the  center. 


TRANSMISSION  OF  LIGHT 


We  know  now  that  all  fonns  of  light  obey 
ther  same  general  laws.  Wlien  light  travels 
through  a  medium  or  substance  of  coVistant 
optical  density,  it  travels  in  waves  in  straight 
lines  and  at  a  constant  speed.  When  light  strikes 
a  differcnt  medium  from  the  one  through  which 
it  is  traveling,  it  is  either  reflected  from,  or 
enters,  the  tnediuni.  Upon  entering  a  transparent 
medium,  the  spet^d  of  light  is  slowed  down  if  the 
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FIguine  2-4.-Liflht  wiivei  created  by  a  light. 
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medium  is  MORE  dense,  or  increased  if  the 
medium  is  LESS  dense.  Sonie  substances  of 
moderate  density  have  abnormal  optical* 
properties  and,  for  this  reason,  they  maiy  be 
designated  as  optically  dense.  If  the  light  strikes 
the  medium  on  an  angle,  its  course  is  bent 
(refracted)  as  it  enters  the  medium.  (Note: 
Reflection  and  refraction  are  discussed  fully 
later  in  this  chapter.  However,  in  discussing  the 
characteristics  of  light,  we  must  use  terms 
possibly  unknown  to  you  and  explain  them  only 
to  the  extent  necessary  for  you  to  understand 
the  discussion.) 

After  y^li-T€afir  the>  characteristics  of  light 
and  the  types  and  functions*  of  various  optical 
elements,  you  will  then  experience  less  difficulty 
in  understanding  image  formation-the  prime  ^ 
purpose  of  optical  instruments. 

LIGHT  RAYS 

♦ 

A  basic  problem  in  the  design  of  optical 
systts(ns  is  the  calculation  of  wav^  surfaces  as  - 
they  progress  through  the  various  optical  media. 
In  optics,  the  calculation  of  wave  surfaces  is 
approached  by  taking  a  small  number  of  rays 
and  tracing  these  rays  through  the  system. 
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♦  137.8 
Figur*  2>5.-Dirtctton  of  travel  of  light  waves. 


^  137.10 
Fiflur*  2  &-Wavti  and  radii  from  a  distant  light. 


Sirtgle  rays  of  light  do  not  exist;  but  the 
tcnn  light  ray  is  used  throughout  this  manual  for 
the  sake  of  clarity  and  convenience  in  showing 
the  direction  of  travel  of  the  wave  front.  Light  is 
ipdicated  by  one,  two,  or  more  representative 
li^t  rays  in  white  lines  rwith  arrowheads  to 
indicate  the  direction  of  travel. 
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Figur*  2-7.-Light  rayt  creating  an-image  on  the  film  of  a 
pinhola  camera. 


Refer  again  to  figure  2-4  and  note  that  light  ^ 
is  moving  in  all  directions  from  the  light  bulb. 
Tlien  study  figure  2-5  which  shows  lines  with 
arpowheads  to  indicate  that  the  direction  of 
travel  of  the  liglit  is  along  the  radii  of  the.sphere 
of  light  waves  and  at  right  angles  to  the  fronts  of 
the  waves.  The  light  which  travels  along  these 
radii  is  designated  as  light  rays. 

A  wave  front  radiating  from  a  light  source  is 
extremely  curved  near  the  light  source  which 
causes'  the  radii  of  the  sphere  of  the  waves  to 
diverge,  or  spread.  As  the  wave  front  movesf^ 
outward,  however,  it  bec«ijies  less  curved  the 
farther,  it  travels  from  the  light  source  an^ 
eventually  appears  to  be  almost  straight, 
indicated  in  figure  2-6.  After  traveling  a  distance  . 
of  2,000  yards  from  their  light  sources,  radii  are 
considered  to  be  parallel  to  each  other. 

A  pinhole  camera  (fig.  2-7)  gives  a  good 
ejcampje  of  the  manner  in  which  light  travels 
outward  from  its  source.  Such  a  camera  is 
merely  a  box  with  a  sheet  of  film  at  one  end  and 
a  tiny  pinhole  instead  of  a  lens  at  the  other  end. 
Note  that  the  camera  is  taking  a  i)icture  using 
.  light  reflected  from  the  arrow  in^Tr^nt  of  ihe 
camera  and  th^t  e&Ch  point  on  the  arifw  is 
reflecting  light  t9^s  in  a  dispersed  manner.  One  " 
ray  of  light  from  each  point  on  the  arrow  tenters 
the  pinhole  in  the  front  of  the  camera  and  Wds 
upon  the  film.  Since  light  travels  in  straight 
lines,  no  light  reaches  a  given  point  on  the  film 
except  the  ray  which  comes  from  the 
corresponding  point  on  the  arrow.  The  rays  of 
light  which  pass  through  the  pinhole  of  tKe 
camera  form  an  inverted  arrow  on  the  film. 
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WAVELENGTH  AND  FREQUENCY 

Rie  action  of  waves  on  the  surface  of  a 
Uqtiid  (fig.  2-3)  has  explained  the  wave  motion 
of  ligtit,  but  to  understand  fully  the  speed  at 
which  ligfit  travels,  you  must  comprehend  the 
length  9f  a  wave  and  its  frequency, 

A  wavel^Migth  is  the  distance  betW^l'n 'the 
crest  on  one  wave  and  the  crest  of  the  next 
(adjacent)  wave,  as  illustrated  in  figure  2-:8.  The 
best  way  to  measure  a  wavelength  ,is  by  the 
FRf;QUFNCY  the  number  of  waves  which  pass 
a  point  in  I  second.  To  detemiine  frequency, 
put  a  stake  in  water  and  count  the  number  of 
waves  which  pass  the  stake  per  second  (fig.  2-9). 

If  waves  ^re  movin^at  a  speed  pf  3  feet  per 
second  and  have  a  frequency  of  6  waves  per 
second,  you  can  determine  the  wavelength  by 
using  the  formula,  that  -shows  the  relationship 
between  the  speed,  frequency,  and  wavelength. 

t 

riie  lormula  is:  c  =  fX      -  ' 


^  137.14 
FIgura  2*8.-Meaiur»mint  of  •  wiv||anoth«^^ 


where  c  =  speed  of  liglit  in  a  vacuum 
f  =  rrequency  of  waves 

X  =  wavelength  (Greek  letter  lambda) 

'   ■  -k  - 

By  applying  the  formula  to  the  above  problem, 
you  get  '• 

3  .=  6X 

X  =  3/6  =  .5 

■* 

Light  waves,  in  contrast  with  WQves  on 
water,  are  much  too  short  to  be  measured  in 
inches  or  millimeters.  (A  millimeter  is  about 
l/25th  of  «an  inch.)'  A  light  wavelength  is 
sometimes  measured  in  microns,  represented  in 

'  formulas  by  m-  A  micron  is  one-thousandth  of. a 
millimeter.  For  measuring  a  shorter  wavelength 
of  light,  a  smaller  unit  than  a  micron  must  be 
used  This  unit  is  the  MILLl^RON,  which 
represents  one  thousandth  of  a  micron  and  is 
abbreviated  mfi. 

Another  important  unit  used  for  measuring 
wavelength  is  the  ANGSTROM  (AU),  which  is 
1/1 0th  of  a  millimicron,  or  one  ten-millionth  of 
a  millimeter.   Because   thise  units  are  still 

.  incohveniehtly  long  for  measuring  the  shortest 
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Figuri  2>9.-0tt«rtnination  of  wavt  friqutncy. 

electromagnetic  waves,  the  X-ray  unit  is  used  for 
this  purpose.  It  is  one*  one-thousandth  of  an 
Angstrbni  unit. 

ELECTROMAGNETIC  SPECTRUM 

The  electromagnetic  Spectrum  may  be 
divided  into  nine  major  regions  of  radiatidn; 
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tiepeiuling  oil  the  general  character  of  the  waves: 
(I)  long  electric  waves.  (2)  radio  waves.  (3) 
radar,  (4)  infrared,  (5)  visible  light,  (6) 
ultraviolet,  (7)  X-rays,  (8)  gamma,  and  (9) 
cosmic  rays.  Together,  all  of  these  fomi  the 
electromagnetic  spectrum,  illustrated  in  figure 
2-10.  The  visible  portion  of  the  electromagnetic 
spectrum  consists  of  wavelengths  from  .00038 
to  . 00066  millimeters.  The  different  wavelengths 
rcpreseiit  different  colors  of  liglit.  Ngte  the 
arrows  which  point  tp  the  wavelengths  of  the 
colors  of  the  rainbow  in  the  spectnim.  Observe 
also  that  the  wavelengths  in  this  part  of  the 
spectnmi  (vision  and  photography )'k'are  in 
millimicrons  of  wavelengths.  Wavelengths  in  the 
electromagnetic  spectrum  (extreme  left)  are  in 
jmicrons. 

In  illustration  2-10  note  that  the 
wavelengths  we  call  ligh*  are  between  400  and 
700  mp;  each  spectral  color  has  its  own  small 
range  of  wavelengths.  For  example,  if  liglit  with 
a  wavelengtOroUnd  660  m/u  reaches  your  eyes, 
you  see  RED  (sensation  of  red  on  the  retina). 
Around  400  in/x  the  wavelengths  of  light  which 
reach  your  eyes  are  BLUE;  so  the  red  waves  are 
therefore  much  longer  than  the  blue  waves. 

When  light  with  a  wavelength  o'f  300  m/u 
reaches  your  eyes,  you  re^eiv^  no  sensation  of 
color.  Radiation  of  this  wavelength  is  generally 
"called  ULTRAVIOLET  LIGHT.  Ultraviolet  rays 
(radiation)  from  the  sun  cause  sunburn  and 
sometimes  blisters.  CAUTION:  All  shortwave 
radiations  can  do  some  damage  if  you  get  too 
much  of  them.  A  prolonged  dose  of  strong 
X-rays,  for  exajnple,  cau»s  irreparablo  danJlige 
to  the  body.  Gamma  riy^are  deadly  shortwave 
radiation  given  off  by  atomic  particles.  Notp 
that  the  infrared,  light  rays  arc  between  1/i  and 
lOOn  in  the  electromagnetic  spectrum.  These 
rays  are  called  HEAT  rays.  We  cannot'  see 
infrared  rays;  but  if  we  could  see  them, 
everything  would  look  different.  Study  figure 
2-11  which  shows  a  photograph  taken  by  visible 
light  and  figure  2-12  which  shows  a  photograph 
of  the  scene  taken  v^ith  infrared  film  with  a  red 
■filter  over  the  lens.  \ 

Infrared  light  is  used  also  for  signaling 
between  ships  at  night.  In  aerial  reconnaissance, 
too.  we  use  infrared  photography  to  get  more 
arid  better  details  of  the  area  photographed.  A 
camoufiaged  object,  for  example,  may.  blend 


with  its  surroundings  and  be  invisible  from  the 
air;  but  if  it  does  not  reflect  the  same  amount  of 
infrared  as  its'  surroundings,  an  .  infrared 
photograph  will  make  the  camouflage  stand  out 
clearly. 

During  "World  War  II,  SMOOPERSCOPES 
with  powerful  spotlights,  which  sent  forth 
beams  of  invisible  infrared  light,  were  used  to 
watch  the  enemy  at,  night.  When  the  infrared 
beams  sent  out  by  the  spotlight  struck  an  object 
and  reflected  it  back  to  the  snooperscope,  the 
scope  changed  the  infrared  fo  visible 
wavelengths.  SNIPERSCOPES  used  on  rifles  in 
the  Pacific  during  the  war  work  on  the  same 
principle  as  the  snooperscope. 

Observe  in  figure  2-10  that  RADAR  waves 
are  adjacent  to  the  infrared  rays  in  the 
electromagnetic'spectnun  and  have  wavelength  a 
little  longer  than  infrared.  We  know  that  these 
wavelengths  travel  at  the  same  speed  as  light 
because  they  have  been  sent  to  the  moon  and 
reflected  baik  in  about  2.6  seconds.  Because  the 
distance  of  the  moon  from  the  earth  is 
approximately  240,000  miles  (in  round 
ntimbers),  2  X  240,000  2.6  seconds  = 
184,615,  the  speed  of  radar  in  miles  per  second. 

SPEED  6f  LIGHT 

The  difference  in  the  speed  of  light  through 
air,  glass,  and  other  substances  accounts  for  the 
bending  of  light  rays.  Without  this  characteristic 
of  light,  a  gfess  lens  could  not  bend  light  rays  to 
a  focus,  as  you  will  learn  later  in  this  text.  The 
length  of  ail  waves  in  the  electromagnetic 
spectrum  is  also  connected  to  corresponding 
frequencies  and  the  speed  of  light. 

Because  light  travels  at  such  high  velocity,  it 
was  years  before  anyone  could  measure  its 
speed.  Galileo  tried  to  measure  it  by  having  two 
men  in  towers  on  hills  some  distance  apart  flash 
lights  at  each  other.  Each  person  flashed  his  light 
as  soon  as  he  saw  the  light  sjghal  of  the  other. 
Galileo  thought  he  could  determine  the  speed.of 
light  by  dividing  the  total  distance  of  light 
traveled  by  the  time  required  for  the 
transnjission  6f  signals.  His  experiment'was  not 
successful;  he  concluded  that  the  speed.of,  light 
was  toQ  great  to  be  measured  by  this  method. 
His  final  thought  on^e.speed  of  light  was  that 
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Flguit  2-11.-Photo9riph  of  «nm  in  llluttrMion  2-12 
taktn  by  vWbl*  light 
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its  trahsmiiaion  through  space  was  perhaps 
instantaneous. 

ROEMER'SM£ASUREM^T  : 

In  .1674  Ola^  RQemen  i  Daniih 
litrofionien  caliculatea  the  speed  of  light  by 
obseivln^  the  imgularities  in  the  times  bet!ween 
ftiecesshff  licNpses  of  the  ihnetmost  modn  of 
lupiter  by  that  planet.  * 


LIOHT  RAY  ^FLCCTCO " 
FROM  THE  mmwOW  AT 
MOUNT  SAN  ANTONIO 
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FiguM  2-13.>MichdMin't  mirror  iMthod  for  mMMrine 
thtipMd  of  light.  .  - 

Roemer  obseived  the  position  of  Jupiter's 
moons  levohring  around  the  planet.  The  moons 
^  appealed  on  one  side  and  then  moved  across  in 
front  of  the  planet  and  disappeared  behind  it 
He  could  calculate  accurately  when  one  of  the 
moons  would  be  eclipsed  by  the  planet.  When  he 
tried  to  calculate  ahead  six  months*  howfver,  he 
learned  that  the  moon  ecUpSe  occurred  about  20 
minutes  I|ter  than  he  had  calculated.  He 
therefore  conchidcid  that  the  light  had  talcen  this 
amount  of  time  to  cross  the  diameter  of  the 
Earth's  orbit,  which  is  approximately 
186.00O»00O  tnUes.  The  difHculty  was  that 
Roemer  did  not  conrectly  evaluate  the  speed  of 
light;  later  measurements  showed  that  the  time 
was  about  1,000  seconds,  which  gave  186,000 
miles  per  second  as  the  velocity  of  li^t. 

MICHE^ON^S  MEASUREMENTS 

the  most  aoourate  measurements  of  the 
speed  of  light  were  about  1926  by  A.  A.  > 
Michelson,  a  distlnfuished  American  physicist, 
ind  his  (^oUeaguei.  Michetlbh  used  in  octagonal 
mirror  in  an  apparatutmustratid  inni^ro2^13. 
He  measured  thf  ipeed  tif  light  in  air  over  the 
exact  distance  between  Kit.  Wilson  arid  Mt.  Sah 
Antoi^k),  Califofiiia.  The  light  souttde,  octagortal 
mirroir^  and  itha  t«leaoope  wei«  located  oh  Mi 
Wils<Mi  Ind  the  concivt  and  plane  mirrors  were 
located  bn  Mt  San  Antonio  about  22^mUe8 
distant 

Study  the  ilhistration.  Mirror  (M)  is 
stationary;  Miohtlton  pafi6d  a  pencU  6f  light 
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through  a  slit  aiu)  a  lens  to  the  octagonal  mirror 
at  I.  (NOTE:  A  pencil  of  liglit  is  a  narrow  group 
of  liglu  rays  which  come  from  a  point  source  of 
light.)  Mirror  (M)  then  reflected  the  light  to  the 
concave  mirror  and  mirrOr  which  reflects  the 
pencil  of  light  back  to  point  3  on  the  octagonal 
mirror  (M).  The  octagonal  mirror  was  next  put 
into  motion  and  increased  in  speed  enougl)  to 
move  position  2  on  the  octagonal  mirror  into 
the  position  formerly  occupied  by  position  3 
during  the  time  required  for  the  light  to  travel 
from  position  4^  on  the  octagonal  mirror  to  Mt, 
San  Antonio  and  return.  After  several  yeaVs  of 
observation  with  his  apparatus,  Michelson 
concluded  that  the  speed  of  light  in  air  is 
299,700  kilometers  (a  kilometer  is  .6214  mile) 
per  ^jecond. 

Sometime  later,  Michelson  tfied  an 
evacuated  tube  I  mile  long  to  measure  the  speed 
of  light  in  a  VACUUM.  Tlie  vacuum  tube 
removed  variations  in  air  density  and 'haze  from 
the  test,  and  the  experiment  showed  that  the 
speed  of  light  in  a  vacuum  was  sliditly  higher 
than  in  air.  The  velocity  of  light  iiL^  vacuum  is 
gei>erally  accepted  as  300,000  k^ometers  per 
second,  or  186,000  miles  per  secon< 

Modern  physicists  compute  the^peed  of 
liglU  with  great  accuracy.  Some  of  their 
measurements  are  based  on  light  interference. 
For  all  practical  purposes,  however,  the  speed  of 
light  in  air  or  in  a  vacuum  is  considered  as 
'  186,000  miles  per  second.  In  media  more  dense 
than  air,  the  speed  of  light  is  slower,  as  indicated 
by  the  speed  at  which  yellow  light  passes 
through  the  following  substances: 

Quartz  1 10,000  miles  per  second 

Ordinary  c^own  glass  .  1 22,691  miles  per  second 

Rock  salt   .  1 10,000  miles  per  second 

BorO'Silicate  crown 
.  glass  .  1 22,047  miles  per  second 

Carbon  disulfide    ...  1 14,000  miles  per  second 

Medium  flint  glass    .  .  1 14,320  miles  per  second 

Ethyl  alcoliol   .....  137,000  miles  per  second 

Water  140,000  miles  per  second 

Diamond  77,000  miles  per  second 


NATURi:  OF  LIGHT 


NOni:  All  colors  of  light  travel  at  the  same 
speed  in  both  air  and  empty  space.  In  more 
dense  media,  the  velocity  of  liglit  varies  for 
different  colors  depending  on  the  wavelengths. 


CX)LOR  OF  LIGHT 

Because  sunlight  includes  the  whole  range  of 
wavelengths  between  400  m/u  and  700  nvi,  it  is  a 
mixUire  of  all  visible  colors  between  red  and 
violet.  Figure  2-14  shows  how  you  can  prove 
this.  When  the  sun  is  shining,  put  a  prism  on  a 
table  in  a  room  with  one  window.  Cover  the 
window  with  dark  paper  or  cloth.  Tlien  cut  a 
horizontal  slit  about  1  inch  long  and  1/16  inch 
wide  in  the  paper  to  admit  a  small  quantity  of 
ligl)t.  Hold  the  prism  close  tb  the  slit  to  ensure 
passage  of  sunlight  onto  one  of  the  long  faces  of 
the  prism.  (Lenses  and  prisms  are  discussed  in 
detail  in  chapters  3  and  4.)  At  the  same  time," 
hold  a  ground  glass  screen  or  a  sheet  of  white 
paper  on  the  other  Side  of  the  prism,  6  to  8 
inches  away.  When  the  sunlight  passes  through 
the  prispi,  wavelengths  of  various  colors  will 
refract  at  different  angles  toward  the  base  of  the 
prism  and  prbduc^  the  colors  of  sunlight  (the 
rainbow)  on  the  glass  screen  or  sheet  of  white 
paper.  This  breaking  up  of  white  light  into  its 
component  colors  is  called  DISPERSION. 
NQtice  that  the  red  light,  with  a  longer 
jelength.  is  bent  less  than  the  violet  which  has 
fort  wavelength! 

SELECTIVE  REFLECTION 
AND  ABSORPTION 

If  you  look  at  a  piece  of  red  paper  in  the 
sunlight,  you  see  red;  but  this  does  not  mean 
that  the  paper  is  making  red  light.  What  it  does 
mean  is  that  the  paper  is  reflecting  a  high 
percentage  of  the  red  light  which  falls  on  it  and 
is  absorbing  a  high  percentage  of  all  other  colors. 

Wlien  you  look  through  yellow  glass,  you  see 
yellow  because  the  glass  is  transmitting  yellow 
light  and  is  absorbing  most  of  the  other  colors. 
Usually,  yellow  glass  absorbs  violet,  blue,  and 
some  green,  but  it  transmits  yellow,  orange,  and 
red./When  yellowi  orange,  red,  and  a  little  green 
all  enter  your  eye  at  the  same  time,  however^  the 
col©r  you  see  is  yellow. 
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Selective  absorption  of  light  is  what  takes 
place  when  a  cplor  filter  is  used  on  an  optical 
instrument.  An  irrtage  may  be  blurred  by  haze  or 
fog,  but  when  a  yellow  filter  is  put  intoMne  line 
of  sight  Jhe  image  tupcomes  sharper.  Ttic  {reason 
for  this  is  that  a  thin  haze  permits  mo3t\of  the 
light  to  pass  through;  but  it scatteis  8or|t^of  the 
Hue  and  violet  light  in  all  directions.  Haze  is 
therefore  visible  because  of  the  scattered  blue 
and  violjet  colors.  The  yellow  filter  absorb?  blue 
and  violet  jnd  the  haze  becomes  almost 
invisible.  Filtera  m^de  in  any  particular  color 
w|ll  transniit  light  of  longer  wavelength  than  the 
color"  of  the  filter,  but  wUI  absorb  light  of 
shorter  wavelengths. 

I  COLOR  VISION 

.A  pure  "Spectral  color  is  composed  of  light  of 
one  wavelength,  or  .a  very  harrovc  ,1>and  of 
wtvetenfths.  Wh«i>  this  light  enters  your  eyes,  it 
gives  a  sensation  of  color;  but  you  cannot  judge 
the  wivelelngth  of  li^t  from  color  sensation. 
Most  of  the  colors  y0u  aee  are  not  pure  spectral 
cotoyi  but  mixtures  of  these  colon.  The 
Mitiation  you  get  fiom  theie  inixtures  is 
therefbie  not  idWayt  wh«t  you  may  expect. 


VnfSIBILITY  OF  OBJECTS 

To  fully  understand  the  ability  to  see  an 
object,  you  must  understand  what  light  is  and 
how  it  reacts  with  matter.  To  be  sure  you 
understand,  review,  the  IS  items  listed  below 
which  you  have  studied : 

1 .  Light  is  a  form  of  energy. 

2.  Experiments  show  Uiat  light  has  the 
natu  re  of  particles  and  is  disfi^ed  in  waves. 

3.  Luminous  objects  are  a  source  of  light. 

4.  NonluminoUs  objects  reflect  light  from 
another  source.  .  * 

5.  Visiole  objects  reflect  fight  that  enters 
our  eyes. 

6.  Xight  travels  in  straight  lines  as  rays, of 

light. 

7.  Only  the  energy  of  a  wave  travels. 

8.  The  inte'nsity  of  light  is  measured  in 
candlepower  (or  lumens). 

9.  Wavelength  is  the  distance  between  two 
successive  w«ves. 

10.  Frequency  is  the  number  of  waves 
passing  a  Hxed  point  in  ^seQondi 

11.  '  Visible  light  Is  a  relatively  small  range  of 
the  electromagnette  spectrum.  . 
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1,2.  The  speed  of  all  electromagnetic  waves  is 
the  same,  even  in  a  vacuum. 

13.  The'  speed  in  more  dense  media  is  less 
and  varies  with  the  wavelength. 

14.  White  light  is  made  up  of  a  mixture  of 
wavelengths  between  about  400  jjind  700  mn. 

"  15.  When  an  object  reflects  some  of  the 
wavelengths  of  light,  but  absorbs  others,  it  gives 
a  sensation  of  color 

We  see  thmgs  because  of  reflected  light. 
Objects  look  differently  because  they  re/lect 
light  in  a  different  manner.  The  difference  in  the 
intensity  of  light  or  the  textyre  of  a  surface 
makes  a  diff^retlce  in  the  visibility  of  an  object. 
Color,  likewite,  makes  fi  difference  in  the 
visibility  of  objects.  If  one  object  absorbs  twice 
as  much  colc^r  as  anothtfr  object,  you  have  no 
difficult^  in  differentiating  between  them.  You 
can  l^ierefore  judge  the  size  and  -shape  of  ail 
object  because  the  #fference  in  color  or 
intensity  of  reflected  light  ^ 

Refer  now  to  figure  2-15,  one  part  of  which 
is  an  <igg  and  thp  other  part  a  piece  of  white 
cardboard  cut  to  the  approximate  dimensions  of 
the.  «gg.  You  can  easily  ^dbthiguish  between 
theni  by  the  way  light  is  reflected  from  them. 
All  parts  of  the  cardboard  reflect  H|^t  equally, 
because  all  rays  of  light  M  on  It  at  the  same 
angle.  Rays  of  light.on  the  egg,  however;  strike 


the  shell  at  different  angles;  tti^uMriount  of  light 
reflected  from  any  surface  depends  upon  the 
angle  of  incidence  (explained  later)  at  which  the 
rays  of  light  strike  the  shell. 

Another  way  to  tell  the  difference  between 
the  iS^  and  the-  piece  of  cardboard  is  by  the 
shadows  cast  by  the  egg.  Observe  the  right  side 
of  the  egg.  Because  of  the  difference  in  the 
angies^^at  which  the  light~sTrikes  the  egg,  you 
can.detect  roughness  in  the  shell.  This  roughness 
indicates  texture,  which  causes  an  object  to 
show^^  minute  diffeiences  in  color  or  shape  all 
over  the  surface. 

-For  the  sake  of  convenience,  we  can  divide 
objects  into  three  classes,  according  to  the 
reaction  of  light  when^  it  falls  upon  them: 
opaque,  translucent,  and  transparent. 

OPAQUE 

All  the  light  which  falls  upon  an  opaque 
object-  is  either  reflected  or  absorbed-none  of 
the  light  passes,  through.  This  is  important, 
.because  most  objects  are  opaque.  No  object, 
however,  is  completely  opaque.  If  it  is  thin 
enough,  you  can  see  through  anything.  Even 
heavy^^metals  such  as  silver  and  gold  allow  some 
light  to  pass  through  them  when  they  are 
painted  in  a  thin  film  on  glass.  '  ^ 

Tubes  that  hold  lenses  and  prisms  in  optical, 
systems  are  opaque  to  prevent  entrance  of  li^t 
into  tbf  .  system  except  through  the  fron't  lens. 
These  tubes  are  painted  a  dull  9r^at-black  color 
insider  so  that  they  will  absorb  and  not  reflect 
light  which  falls  upon  them. 

TRANSLUCENT 

When  lltfit  falls  Ibpon  a  translucent  object, 
some  of  it  is^bsorbed  and  reflected,  but  most  of 
the  light  passes  through  the  object  and  diffuses 
or  scatters  in  all  directions.  This  Is  what 
happens,  for  example,  when  light  passes  through 
ground  glass  plate,  stained  glass  windows,  pr'a. 
thin  sheet  of  paper.  If  you  hold  the$e  items  ip 
front  pf^  strong  light,  you  can  see  thai  much  of 
the  light  passes  throu^  even  though  you  are 
unable  td  lee  a  clear  image,  of  the  souttte  of  light 
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Figure  2  16. -Reflection  of  8  beam  of  light  back  on  it* 
normal  or  perpendicular. 
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Figure  2-17, -Reflection  of  beams  of  light  ^different 

angles. 


TRANSPARENT 

»■■ 

A  transpiuvnt  object  rctlocts  aiul  absorbs  a 
small  amoutVl  of  the  light  which  strikes  it,  but 
[x^rrnits  most  of  the  rays  to  pass  through. 

Rotlection  and  absorption  arc  piinic  factors 
in  determining  the  cjuiditymf  0||cal  ghiss  used 
in  the  manufacture  of  ir\^|HyjB|£rni!;  will  be 
discussed  in  greater  detail  ff^jf^BRiianua!. 

A  window  pane  is  a  goo^xample  of  a 
transparent  object.  Clear  glass '^s  considered  to 
be  transparent,  but  tlK^  thicker  the  glass,  the 
greater  its  loss  of  transparency. 


REFLE 


You  know^from  experience  that  a  mirror 
reflects  light.  It  you  experiment  with  a  plane 
mirror  in  «•  dark  Xpom  with  a  window  through 
which  y(<u  can  adhiit  light,  you  will  find  that 
you  can  reflect  a  beam  of  light  to  almost  any 
spot  in  the  room.  When  you  hold  a  mirror 
perpendicular  to  a  beam  of  light,  yoii  can  reflect 
the  beam  back  along  the  same  path  by  which  it 
entered  the  room,  as  shown  in  figure  2-16. 


If  you  .shift  the  mirjor  to  an  angle  from  its 
perpendicular  position,  the  reflected  beam  is 
.shifted  at  an  angle  from  the  incoming  beam 
twice  as  great  as  the  angle  by  which  you  shifted 
the  mirror.  Study  figuiv  2-I7.  If  you  hold  the 
mirror  at  a  45°  angle  to  the  incoming  beam,  the 
reflected  beam  is  p|^»jected  at  an  angle  of  90°  tcx 
the  incoming  beam.  Remember  this 
characteristic  of  light. 

The  simple  experiments  just  discussed 
illustrate  one  of  the  dependable  actions  of  liglit. 
Y6\i  can  reflect  light  precisely  to  the  point 
where  you  want  it,  because  any  kind' of  light 
ivflected  from  a  smooth,  polished  surface  acts  in 
the  same  manner.  Tliis  property  of  light  is  used 
in  many  types  of  fire  control  instniments. 

Refer  now  to  figure. 2- 1 8.  The  ray  of  light 
which  strikes  the  mirror  is  called  the  INCIDENT 
RAY,  and  Ihe  ray  which  bounces  off  the  mirror 
is  known  as  the-  REFLECTED  RAY.  The 
imaginary  line  pert^endicular  to  the  mirror  at  the 
point  where  the  ray  .strikes  is  called  the 
NORMAL  or  PERPENDICULAR.  The  angle 
between  the  incident  ray  and  the  nomial  iif  the 
ANGLE  OE  INCIDENCE:  the  angle  between  the 
reflected  ray  and  the  nonnal  is  th(j.  ANGLE  OF 
REFLECTION. 
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Figure  2-18.-Terms  us4?d  for  «xplflinjr>g  reflected  light. 

LAW  or  ri;M4^  I  ION 

The  law  ol  !vllcc(ion  is  covoixhI  hy  fhivo 
basic  statvtiKMils: 

1.  The  imiik-  ol  iclkxiion  ct|ii;ils  (ho  ;mplo 
of  incitloncc. 

2.  •  Iho  )rKJ«.k'n(  i;iy  jiul  tho  lollocfod  niy 
lie  on  opposite  siiks  of- the  normaK 

^.    I  he  MK  uloiU  r.iy.  (ho  loricctod  my.  and 
the  luirmal  all  (lo  in  (he  same  piano. 

•.By  applying  tho  law  ol  rof1oo(ion,  yon  can 
sec  that  in  all  casos  ol  rol  loot  ion  tho  angle  of 
reflection  can  ho  plotted  it.'  the  angle  of 
incidence  is  known,  or  vice  versa.  To  ilhistrato, 
study  figure  In  this  instance  yon  desire  to  / 

put  the  No.  4  hall  in  tho  noaivst  pocket,  but  ^ 
your  cue  ball  is  {)ehind  the  8  ball."  If  you  are  an 
expert  p(^l  player,  yon  know  where  to  strike 
the  right  side  of  tho  pool  table  with  the  cue  ball 
in  order  to'  have  it  roHect  on  a  line  which  will 
.  enable  it  to  hit  tho  No.  A^baW  and  pm  it  in  the 
pocket. 'Angle  b  nnist  equal  angle  a, 

REGULAR  RPFLLCTION 

Mirrprlike  rctloctiot)  in  which  the  angle  of 
reflection  is  equal  to  tho  angle  of  incidence  is 
called  specular  retloction  which  is  commonly  , 
known  i>s  regula'r  ronection.  Specular  renectioh 
can  come  only  fVom  a  piano  polished  surface, 
and,  it"  the  incident  light  is  parallel,  the  re  fleeted 
,   light  will  be  parallel  as  shown  in  figure  2-20. 
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Figure  2-19.-Appltcation  of  the  law  of  reflection  On  a 
pbol  table. 


DOTTED  LINES- NORMAL 


Figurt  2-20.-Regular  reflection. 
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DOTTED  LINES-NORMAL 


Figure  2-21  .-Diffusa  reflation. 
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DIFFUSE  REFLECTION 

The  opposite  ol  specular  ivflcctioii  isdir|irse 
ivlloction,  arul  it  will  occur  wlion  lijjht  is 
rclloctod  IVoni  a  rough  surface.  DilTuse 
reflectioif  is  defined  as  a  random  distribution  of 
included  angles  for  a  vseries  of  rays  traveling  from 
the  same  source,  As  shown  in  figure  2-21, 
diffuse  ivllection  is  a  scatterhig  of  the  ivllected 
light  and  U  accouins  tor  our  ablHry  TO  set^sH 
nonluminous  objeo^  jis  well  as  to  distinguish 
shape  and  texturv*.  Tne  surface  of  the  paper  in 
this  manual  is  essentially  rough  and  the  light 
that  is  rvllectcd  from  it  is  diffused. 


REFRACTHON 

As  you  study  the  meaning  of  refraction, 
ivfer  to  figure  2-22  which  sl^ows  what  happens 
to  rays  of  light  as  they  pass  through  a  sheet  of 
glass.  Both  plane  surfaces  of  this  glass  plate  are 


Figurt  2-22.- Refraction  of  light  baamt  by  a  thaat  of  glait. 
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parallel,  and  air  contacts  both  surfaces,  (ilass 
and  air  arc  tnmsparent,  but  the  glass  is  optically 
more  Jense  tlian  air;  therefore,  light  travels 
approximately  one-third  slower  in  glass  than  in 
air. 

Observe  the  dotted  line:)  (N  ^  N')  in  the 
illustration.  I  hese  are*  the  nornuils  erected  tor 
the  incident  and  refracted  rays.  When  a  light  ray 

'  ^^'^^^  Iront)  strikes  the  surface  of  the  ghiss  aX. 
right  angles  (parallel  to  the  normal),  it  is  not 
bent  as  It  pas.ses  through  the  glass.  This  is  true 
k'cause  each  wave  front  strikes  the  surlace 
squarely.  The  wave  front  is  slowed  down  when  it 
strikes  the  surlace  of  the  glass,  but  it  continues 
in  the  same  direction  it  was  going  before  striking 
the  glass  When  it  squarely  strikes  the  other 
surface  of  thc>  glass,  it  passes  straight  through 
without  deviation  from  its  course  and  resumes 
its  original  s|ved 

If  a  wave  front  strikes  the  first  surface  of**  the 
glass  at  an  angle,  as  illustrated  in  part  B  of  figure 
•         2  22.  the  leading  edge  of  the  first  wave  front 
arrives  at  (he  surface  an  instant  before  the  other 

1  edge;  (he  leading  edge  is  slowed  down  as  it 
enters  the  more  dense*  medium  before  the 
second  edge  enters.  Observe  that  the  second 
edge  also  continues  to  travel  at  the  same  speed 
until  if  strikes  the  surface  of  the  glass.  This 
slowing  down  of  one  edge  of  the  wave  front 
before  the  other  edge  slows  .down  causes  the 
front  to  pivot  tyward  the  normal. 

The  information  just  given  about  the  way  a 
wave  front  strikes  a  glass  plate  applies  to  ANY 

'  KRHKLY  MOVINC;  OBJHCT.  When  one  side  of 
an  object  is  sU>wed  down  as  it  hits  something, 
the  other  Side  continues  to  move  at  the  same 
speed  and  direction  until  it  also  hits  something. 
This  action  causes  the  object  tQ  pivot  in  the 
direction  of  the  side  which  hits  first  and  to  slaw 
down.  Unlike  light/ which  is  a  form  of, energy, 
freely  moving  objects  do  not  resume  their 
original  speed  without  the  ^application  of  power 
of  some  sort.  Pivoting  or  bending  of  light  rays 
(wave  fronts)  as  just  explained,  is  called 
RhIFRACTlON;  and  the  bent  (pivoted)  rays  are 
called  RKIKACTFD  RAYS. 

If  the  optical  density  of  a  medium  (glass  in 
this  ease)  remains  constant,  the  refracted  light 
rays  continue  to  travel  in  a  straight  linfe,  as 
shown  in  part  B  of  tigure^2-22,  until  the  surface  ^ 
from  which  they  emerge  (glass-to-air  surface) 


causes  interference  At  this  point,  an  opposite 
effect  occurs  to  a  wave  tront.  As  the  leading 
edge  of  the  front  reaches  the  surface 
(glass-to-air),  it  leaves  the  surface  and  resumes 
original  speed  (I8().000  miles  per  second,  at 
which  it  entered  the  glass). 

Speeding  up  of  one  edge  of  a  wave  front 
before  the  other  edge  speeds  up  causes  the  front 
to  pivot  agaiiubuttMs  lime  it  pivots  toward  the 
edge  X)f  the  front  which  has  not  yet  reached  the 
surface  of  the  glass.  Again,  this  bending  or 
pivoting  of  the  wave  front  .  is  called 
REFRACTION.  * 

If  the  glass  plate  has  parallel  surfaces,  the 
emergent  light  ray  (ray  refracted  out  of  the 
glass)  emerges  from  the  second  surlace  at  an 
angle  equal  to  the  angle  formed  by  the  incident 
ray  as  it  entered  the  glass.  If  you  draw  a  dotted 
line  along  the  emergent  light  ray  "(fig.  2-22) 
straight  back  to  the  apparent  source  of  t\v)  ray, 
you  will  find  that  the  emergent  ray  is  parallel  to 
the  incident  ray. 

If  the  optical  density  of  a  medium  entered 
by  a  light  ray  <wave  front)  is  constant,  the  light 
follows  its  course  in  a  direct  line,  as  illustrated  in 
part  B  of  illustration  2-22. 


LAWS  OF  REFRACTION 


You  should  understand  thoroughly  all  laws 
of  refraction.  Briefly  stated,  they  are  as  follows: 

1.  When  light  travels  from  a  mediUm  of 
lesser  density  to  a  medium  of  greater  density, 
the  path  of  the  light  is  bent  toward  the  normal, 

2.  When  light  travels  frpm  a  medium  of 
greater  density  to  a  medium  of  lesser  density, 
the  path  of  the  light  is  bent  away  from  the 
normal. 

3.  The  incident  ray,  the  normal,  and  the 
refracted  ray  all  he  in  the  same  plane. 

4.  The  incident  ray  lies  on  the  opposite  side 
of  the  normal  from  the  refracted  ray.  .  ^ 

Study  illustration  2-23  and  then  review 
carefully  all  laws  of  refraction.  Note  the  normal, 
the  angle  of  incidence,  and  the  angle  of 
refraction. 
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Figut*  2-23. -Ttrm*  uimI  for  dttoribino  rtfraetion. 


12.233 


The  amount  of  refraction  is  dependent  upon 
the  angle  at  which  light  strikes  a  medium  and 
the  deniity  of  the  new  mediiim-ihe  greater  the 
angle  of  incidence  and  the  more  dense  the  new 
medium,  the  greater  the  angle  of  refraction.  If 
th$  faces  of  the  medium  are  parallel/ the  bending 
of  li#it  it  the  two  faces  is  always  the  same.  As 
ttluttrited  in  figure  ^^23,  the  ^am  which  leaves 
the  optically  more  deitie  ihedaim  is  parallel  to 
tlw  incident  beam.  An  important  thing  to  keep 
in  mind  in  this  respect,  however,  is  that  the 
•nienetit  beam  must  emerge  from  the  more 
dtna?  medium  into  a  medium  of  the  same  index 
of  MdiK^ion  m.  the  one  in  which  it  was 
ofMhitty  traveling:  that  is»  air  to  glass  to  air, 
NOT  aiji  to  glass  to  water  (as  an  examf>le). 

You  Gin  visually  demonstrate  refraction  by 
j^cjng  tht  itriight  edge  of  i  s|il|t  of  piper  it 
iii  undit  the  edies  of  a  J|s  piate  held 
il«rtidiBy       ^^4).  Observe  that  the  straight 


fliflure  2*24t'-Effiett  of  rafrtetten. 


1i7J4 
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ccl«c  ol  Ihc  shod  ol  paper  appears  to  h;ive  ii  jog 
in  It  Uirccfly  uiulcr  ihc  edge  of  Ihc  ghiss  pkito. 
Ihc  porhot\  ol  the  paper  on  tljc  other  side  ot 
the  glass  iippeaiN  displaced  as  a  ivsiilt  ot 
ivfiaelion.  II  you  move  the  sheet  of  paper  and 
change  the  angle  ol  ils  straight  cilgc.  the  amount 
ol  retraction  is  increased. 

Study  liguie  :-25.  which  shows  a  straight 
stick  in  a  gla.ss  ol  water.  Note  tluit  the  slLck 
appeal^  bent  at  the  surface  ol  the  water. <^What 
you  see  is  an  "opti^'al  illusion  created  by 
aMiaction.  When  a  ray  of  light  passes  from  air 
into  wuter,  it"  Ix-nds;  and  when  ij  passes  from  the 
water  into  the  air.  it  also  bendsf  This  illustration 
shows  why  a  fish  in  water  is  not  where  it  sceius 
to  be;  it  is  much  ileepcr. 

Now  ob.serve  figure  2-26.  This  illustration 
shows  how  light  is.  affected  by  a  medium  whose 
entrance  and  emergence  faces  are  not  parallel  to 
each  other.  As  shown  in  the  illustration,  all  laws 
of  refractit)n  still  apply. 

\.  The  angle  between  the  ivfracted  ray  of  light 
and  a  straight  extension  of  the  incident  ray  of 
light  through  the  medium  is  called  THK  ANCJLB 
OP  DEVIATION.  This  is  the  angl^  through 
which  the  refracted  ray  is  bent  from  its  origin  id 
path  by  the  optical  density  of  the  refracting 
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FiQurt  2-25.-pptic«i  illuiion  cauitd  by  rtfrtction. 
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Figure  2-26.-Patsage  of  light  ray$  through  a  pri$m. 


medium  and  the  angle  between  the  en  trance  and 
emergent  faces.' 

INDEX  OF  REFRACTION 

As  you  read  earlier  in  thts  chapter,  the  speed 
of  light  in  a  vacuum  is  about  186,000  miles  per 
second.  Its  speed  through  ordinary  glass, 
however,  is  about  120,000  mrles  per  second. 
This  ratio  between  the  speed  of  light  in  a 
vacuum  and  the  speed  of  light  in  a  transparent 
medium  is  known  as  the  INDEX  OF 
REFRACTION  lor  that  medium.  On  optical 
drawings  and  in  optical  ttjxtbooks,  the  index  of 
refraction  is  designated  by  the  letter  n.  It  is 
written  as  a  number  and  applies  to  the  relation 
betweeir--the.  speed  of  (ight  in  a  vacuum 
compared  wKh  the  speed  of  light  li\the  medium 
under  consideration. 

The  index  behveen  two  media  is  called  the 
RELATIVE  INDEX  while  the  index  between  a 
medium  and  a  vacuum  is  called  the  ABSOLUTE 
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INPKX.  riie  indent  o(  retraction  cxpres^sed  in 
tables  IS  the  absolute  index,  while  in  practice  the 
ixihitive  Index  is  ligurcd.  When  working  with 
optical  drawings  or  instruments,  the  relative 
index  must  be  tlgured  because  you  will  have 
light  passing  from  one  medium  to  anot^T  (air  to' 
^  glass,  glass  to  glass,  and  gas  to  glass). 

to  detern)iiVc  the  absolute  index  the  formula 
is:  ' 

Index  of  njfraction  .  Vdocity  in  V^cuu^n 

Velocity  in  Medium 


Now  apply  the  forinula'to  figure  the  absolute 
index  of  a  diamond  in  which  light  travels  at 
77,000  miles  per  second. 


1 86,000  ^ 
"  ""  77,000  ^  "'^'^ 


If  you  need  to  determine  the  relative  index  of  a 
,  diamond  in  water,  you  ?ieed  only  substitute  the 
velocity  in  water  for  the  velocity  in  a  vacuum. 


,,-140.000-  ,  o,o 
"     77.000  '-^'^ 


FoHowing   is  a  list   of  absolute  indices  of 
refraction  tor  some  nu^te rials: 

Vacuum   I  .QOO 

Air   .  .  "    1.0003 

W4>^    ".  1.33 

Fused  quartz   1.46 

Crown  glass,  .   r  1.52 

Canada  bal$^   1.53 

Light  flint  glass   1.57 

NOTE:  For  most  cor^^putations  the  index  of  air 
is  considered  to  be  the  same  as  vacuum  (1.000). 

Since  the  index  of  refraction  of  transparent 
materials  of  high  purity  shows  a  constant 
relationship^  to  the  physical  properties  of  the 
materials,  you  can  determine  the  identity  of 
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transparent  materials  by  ^le^suring  their  indices 
of  refraction. 


ANGLE  OF  REFRACTION 

The  amount  that  a  ray  of  light  is  refracted 
(angle  of  refraction)  in  a  transparent  medium 
depends  on  two  factors: 

1.  The  angle  at  which  light  strikes  the 
surface  (angle  of  incidence) 

2.  The  density  of  the  medium  (index  of 
refraction) 

When  light  from  the  same  source  strikes  two 
ditferent  inedia  at  the  same  angle,  the  light 
striking  the  medium  with  the  highest  index  of 
refraction  is  refracted  the  most. 

In  1621,  Willebrord  Snell,  a  Dutch 
astronomer  and  mathematician  at  the  University 
of  Heyden,  found  the  correct  relation  betweea 
the  angle  of  incidence  and  the  angle  of 
refraction.  Snell  developed  a  formula  for* 
determining  the  angle  of  refraction  known  as 
.  SNELL'S  LAW.  1 

n  sine  d  =  n'  sine  0'  j 

I; 

In  this  formula,  n  is  the  index  of  Refraction 
in  the  first  medium,  n'  is  the  index  for  the 
second  meclium,  sine  is  a  trigonometric  function, 
and  6  (the  Greek  letter  theta)  refers  to  the  first 
angle,  while  6'  refers  to  the  second  angle. 

Simply  stated,  SnelPs  law  says: 

•  The  index  of  refraction  of  the  first 
imedium  times  the  sine  of  the  angle  o^  incidence 
is  equal  to  theo  index  of  refraction  of  |ht  second 
medium  times  the  sine  of  the  angle  of  bjra^tion, 

NOTE:  In  order  to  findthe  sine  of  an  angle,  you 
must  refer  to  a  tfl!>tej5f^natural  trigonometric 
functions. 

A  very  important  thing  for  thfe  reader  to 
remember  is  always  'measure  the  angle  of 
incidence  between  the  incident  ray  and  the 
normal;  likewise,  measure  the  angle  of  refraction 
between  the  normal  and  the  refracted  ray. 
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In  order  to  apply  the  formula  to  a  practical 
problem  let's  assume  that  the  ray  of  light  in 
figure  ,^-23  is  contacting,  at  an  angle  of  45*",  a 
plate  «f  |lass  whose  index  (if  refraction  is  1.500. 
A<;cordii%  to  Snell's  law,  the  index  of  refraction 
{n\  of  the  firet  medium  (air  =  1.000)  times  the 
sine  of  the  angle  of  incidence  (45°  =  .7071) 
equals  the  index  of  refraction  (n')  of  the  second 
medium  (glass  =  1.500)  times  the  sine  of  the 
angle  of  refraction, 

I.OOOX.7b7l  =  l.500XsineO' 
.7071  =  1.500  X  sine 


.7071 


sine  d' 


.4714=  sine  d' 

By   referring  once  again    to  the  natural 

trigonometric  tables,  you  will  find  that  .4714  is 

the  value  of  the  .angle  28°7'30",  the  angle  of 
refraction  in  the  second  medium. 

If  you  now  reverse  the  direction  of  4|^e  light 
ray  to  whofe  the  first  medium  is  glas^>i^e 
second  medium  is  air,  and  the  angle  of  incident 
at  the  surface  of  the  glass  is  28*'7'30",  you  wifi 
find  the  angle  of  refraction  is  45°.  This  may 
seem  strange,  but  by  application  of  SnelPs  law 
the  formula  will  be: 


l.500X.4714«  l.OOOXsined' 
.7071  «  1,000  X  sine 


1.000 


sine  $' 


.7071  «  45** 

What  you  have  just  proved  by  solving  the 
last  equation  is  known  as  the  LAW  OF 
.REVERSIBILITY,  something  you  should 
remember.  The  law  means  that  if  the  direction 
of  a  ray  of  light  at  any  point  in  an  ^optical 
system  is  reversed,  the  ray  retraces  itsipath  back 
through  the  system,  regardless  of  the  number  of 
prisms,  mirrors,  or  lenses  in  the  system. 


REFLECTION  AND 
REFRACI  ION  COMBINED 


Smooth  glass  ivllects  about  4%  of  the  light 
which  falls  upon  it  (more  if  the  angle  of 
incidence  is- large),  but  most  of  the  light  which 
enters  the  glass  is  refracted.  Figure  2-27  shows  a 
ray  of  light  passing  through  plate  glass,  Jhe 
dotted  lines  are  the  normals^  The  wiiitc 
(upward)  arrow  to  the  right  of  the  first  normal 
line  indicates  rellectcd  light.  The  line  of  light 
which  extends  upward  from  th^"  second  normal 
Represents  the  amount  of  light  reflected  back 
into  the  glass  when  the  light  strikes  the  lower 
surface.  This  is  called  INTERNAL 
REFLECIION.  An  internally  reflected  ray  of 
light  is  refracted  at  the  upper  surface  of  the  glass 
and  emerges  parallel  to  the  rttflectioh  from  the 
incident  ra^.  ,  " 

Study  illustration  2-28,,  which  shows 
reflections  from  both  surfaces  of  a  gjass  plate. 
N6te  the  two  images.  If  you  have  several  plates 
of  glass  in  a  stack  ^Vith  thin  layers  of  air  betw^n 
the  plates,  you  can  see  twice  as  many  reflectiojKS 
ps  the  number  of  plates  of  gla*.  NOTE;  You 
will  occasionally  find  a  condition  such  as  this  in 
optical  instruments. 
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^>9ur*  2«27.-R«flaotion  and  r«fraotton  oombintd. 
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Figurt  2-28.-Rtfltctiori  from  tht  surfacM  of  a  glats 

piRtt. 


If  there  are  5  lenses  in  a  system,  there  are  10 
faces;  and  each  face  reflects  part  of  the  light, 
The  image  you  see  when  you  look  through  the 
instrument  is  formed  only  by  the  light  which 
passes,  through  all  the  tenses.  A  complex 
instniment  such  as  a  submarine  periscope  may 
have  many  surfaces  which  reflect  part  of  the 
light^i^and ,  the  optical  elements  must  have  a  film 
or  coating  applied  to  them  to  eliminate 
reflection  and  prevent  loss  of  light  in  the 
instrument. 

You  know  that  optical  glass  is  highly 
tr»mi»rent,  but  it  is  still  visible  beca(|^^(^f 
reflec%d  tight  from  its  sMiface.  Other ^jjllss 

•  objects  are  visible  partly,  because  of  refractibiiv 
You  can' see'  part  of.  th$  background  through  the^ 
Hill  ^"<)s  the  rays  ftorn  the 

ba«|round  beforf  they  reach,  your  eyes.  !q 
tcjci^ance  with  tm  angle  at  which  it  strikes  the 

■  Hiiirface  of  Ute  glass,  e#ch  ray  bends  at  a  different 
tngle.  The  back^und*  therefore,  appears 
^torted  when  you  see  it  through  the  glass,^is  in 
i"29.  The  glass  f6^,  however,  is  clearly 
idtfbljS  ;  because  of  tef raotiori  caused  by  the  shape 
0f  w  rod  and  reflection  of  !ight  from  the 

■•,|iii|yS(j,0.-:pfthegfe 
:  Jljitf^  ^•'lO  Is  th«  same  as  figure  2-29 

^^i0pt^^)llt^^'w^^^^^       been  p\it  into  the  glass 

^v.v-  .  V  >■■■..  ..•;  _  .  ■ 


"  137.37 
Figure  2-29.~Viilbllity  rtMlting  fVotn  oomblntd  raflao- 
tk>n  and  ftVnetion. 


rtfitetloA  and  rilraeti^^^  '  , 


beaker,  ant!  the  part  of  the  glass  rod  in  the 
water  appears  ditrcrcnt  from  the  part  out  of  the 
water  The  reason  for  this  is  that  the  index  of 
refraction  between  the  two  media  is  now  much 
smaller,  so  there  is  less  relloction  but  a  larger 
amount  of  refraction  due  to  the  curved  surface 
of  the  water  in"  the  beaker;  This  curved  surfacp 
causes  a  varied  amount  of  refraction  so  the  ifd 
in  the  water  appears  larger. 

If  the  water  in  the  beaker  is  replaced  with  a 
OThiTton  having  the  same  TTidex  of  refractiori  as 
the  glass,  there  will  be  no  rctlection  or  refraction 
taking  place  between  the  surface  of  the  rod  and 
the  solution.  See  figure  2-31 . 

Reflection  can  take  place  ONLY  at  a  surface 
between  two  media  with  different  indices  of 
'  refraction.  Because  the  rodin  figure  2-29  is  iii 
the  air,  the  ditlerence  between  the  two  media  is 
fairly  large  and  the  rod  is  visible.  This  same  rule 
applies  to  refraction,  as  you  can  prove  by  Snell's 
law.  If  the  indices  of  refraction  of  the  two  media 
are  identical,  the  angle  of  incidence  equals  the 
angle  of  refraction  and  there  is  NO  refraction. 
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Figurv  2-31.-E)iminttion  of  visibility  by  •limlnating 
rtflflotion  ind  rtfrattion. 


TOTAL  INTERNAL  REFLECTION 

You  have  learnpd  that  a  small  amount  of 
reflection  occurs  when  light  passes  from  one 
transparent  medium  to  another  as  in  figure  2-27. 
Wl^ei\!  light  passes  from  a  more  dense  medium  to 
a  less  dense  mediUrti  there  is  one  special  angle  of 
incidence  which  will  not  produce  refraction  nor 
refiection  as  we  have  thus  far  studied.  This 
special  anjie  of  incidence  is  called  the 
CRITICAL  ANGLE  and,  when  an  incident  ray 
strikes  the  surface  between  the  two  media  at  this 
angle,  it  will  be  transmitted  along  the  media's 
surface  as  shown  in  figure  2-32, 

Should  'k  ray  of  light  strike  the  surface  at  an 
angle  of  incidence  greater  than  the  critical  angle, 
total  inteiial  reflection  will  occur  (fig.  2-32), 
This  phenomena  of  tc^tal  internal  reflection  is 
very  usekul  and  Will  be  discussed  further  with 
prisms  in^-hapter  3, 

Study  figure  2-32  carefully.  Tliis  shows  that 
rays  bf  light  from  an  underwater  source  are 
incident  at  Various  angles  to  the  surface.  You 
will  notice  that  as  the  angle  of  incidence 
increases,  the  angle  of  refraction  becomes 
proportionately  greater,  until  you  reach  the 
critical  angle.  When  you  reach  the  critical  angle 
and  the  ray  is  refracted  along  the  surface,  the 
angle  of  refraction  is  90°  to  the  normal.  Always 
bear  in  mind  that  the  critical  angle  can  only  be 
sliown  when  light  is  traveling  from  a  more  dense 
to  a  less  dense  medium.  Remember  that  for  all 
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angles  of  incijdence  greater  tha 
angle,  total  reflection  will  result. 


the  critical 


rhc  actual  critical  angle  an  optical 
inediuni  depends  upon  the  index  of  retraction  of 
that  medium.  The  higher  the  index  of  refraction, 
the  smaller  the  critical  anjjie. 

Suppose  you  want  to  calculate  the  critical 
angle  of  a  medium  when  the  other  medium  is 
iriT;  How  cnn  you  do  rhts?  Use  wafer  as  one 
medium,  as  an  example,  and  air  as  the  other; 
then  make  proper  substitutuions  in  the  formula 
(Sncirs  law)  and  solve  the  equation.  The  index 
of  lefraclion  of  water  is  1.333;  when  the  angle 
of  incidence  is  the  critical  angle,  the  angle  of 
refraction  is  90"".  The  procedure  for  solving  the 
problem  follows: 

11  sine  0  =  \\  sine  9 

1.333  sine  0  =  1.000  sine  90"^ 
(The  sine  of  90°  is  1.000) 

1..U3  sine  0  -  1  . 000  X  1.000 
1. 000 


sine  0 


1.333 


=  .75018 


48^36' 

Critical  angles  for  various  substances  (when 
the  external  medium  is  air)  are  as  follows: 

Water  48''36' 

Crown  glass   4 1**  18' 

Quartz  40*'22' 

Flint  glass   37*'34' 

Diamond  \v_-<^4**26' 

* 

The  small  critiqal  angle  of  a  diamond 
accounts  for  its  brillance,  provided  it  is  a  well 
cut  diamond,.  The  brilliance  is  due  to  total 
internal  reflection  of  light;  the  light  is  reflected 
bacliand  forth  many  tiipes  bfefore  it  emerges  tb 
prodnce  brigld.  multiple  reflections. 


One  example  of  total  internal  reflection  at 
tlie  surface  of  water  is  shown  in  figure  2-33. 
Rays  of  light  from  the  fis1i  strike  the  upper 
surface  of  the  water  at  ai^i  angle  greater  than  the 
critical  angle  and  are  aMIected  downwind  into 
the  water.  The  reflected  rays,  however,  strike 
the  end  of  the  aquarium  at  than  the  critical 
angle,  so  they  pass  through  and  you  can  see  an 
image  of  the  fish  reflected  by  the  upper  surface 
of  the  water.  Hie  path  of  a  refle^cted  lay  is 
illustrated  in  figun^  7-34. 

ATMOSPHERIC  REFRACTION 

At  a  surface  which  separates  two  media  of 
different  indices  of  refraction,  the  direction  of 
the  path  of  light  changes  abruptly  When  it  passes 
through  the  surface.  If  the  index  of  refraction  of 
a  single  medium  changes  gradually  as  the  light 
proceeds  from  point  to  point,  the  path  of  light 
also  changes  gradually  and  is  curved. 

Although  when  air  is  most  dense  it  has  a 
refractive  index  of  only  1  . 000292,  the  index  is 
sufficient  tp  bend  light  rays  from  the  sun  toward 
the  earth  when  these  rays  strike  the  atniosphere 
at  an  angle. 

The  earth *s  atqiosphere  is  a  medium  which 
becomes  more  dense  toward  the  surface  of  the 
earth.  As  a  result,  a  ray  of  light  traveling  through 
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Figure  2-34.~Effect  of  total  internal  reflection  on  light  rayi. 
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the  atmosphoio  toward  tho  earth  at  an  angle 
does  not  travel  in  a  straight  line  but  is  refracted 
and  lollows  a  curved  path.  Prom  points  near  the 
hori/on.  in  laet.  the  bending  of  light  is  so  great 
that  tho  sotting  sun  is  visible  even  after  it  is 
below  tho  hori/on  (fig.  2-35). 


Mirages 

Over  large  areas  of  heated  sand  or  water 
there  are  layers  of  air  which  differ  greatly  in 
temperature  and  refractive  indices.  Under  such 
cx>nditions,  erect  or  inverted  (sometimes  much 


APPARENT  POSITION  OF  SUN 


.V-^.s:^^    ACTUAL  POSITION  OF  SUN 


FiQur*  2.36.-Vlilbllity  of  the  lun  below  tha  hori^n  at  \  retult  of  refracted  light. 
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F)gur*  2-36.-Picturt  of  «  miragt  in  •  dttert. 
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distorted)  iruages  are  formed /which  are  visible 
from  great  distances.  Tqiese^  images  are 
MIRAGHS 

Observe  the  apparent  lakd^  of  water  in  a 
desert  in  illustration  2-36.  This  looks  like  a  real 
lake  but  it  is  ONLY  a  mirage  caused  by  the 
refraction  of  light  over  the  hot  sand.  The  sand 
heats  the  air  directly  above  it,  though  the  air  at  a 
higher  level  remains  comparatively  cool.  Betause 
cool  air  is  n\ore  d|nse  than  hot  air,  the  index  of 
refraction  is  fairly  low  at  the  surface  and 
gradually  increases  at  higher  and  higher 
altitudes.  - 

Study  illustration  2-37  to  ^  learn  what 
happens  to  light  rays  in  a  tnirage,  Light  rays  in 
<5ool  air  do  not  bend,  as  shown,  but  the  ray 
which  travels  downward  to>vard  the  hot  air 
curves  upward.  When  an  obisefver  looks  at  an 
object  along  the  hot  air  ray,  he  thinks^  he  sees  it 
along  the  dotted  line  in  the  illustration. 

You  perhaps  have  observed  mirages  on 
asphalt  highways  on  clear,  hot  days.  When  the 
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.^Figur*  2-37.-Ptth  of  ligh^  rayi  in  a.miragi. 


'highway  risess  in  front  of  you  and  then  flattens 
mtt,  its  surface  forms  a  small  angle  with  your 
line  of  Sight,  and  you  see  reflections  of  the  sky.- 
These  rejections  look  like  puddles  of  water  in 
the  road.  Under  ptoptt  gdfnditions  of  the 
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atoiosphcrc  and  liglit,  yoii  can  even  see  an 
approaching  car  rotlectoil  in  tlie  mirage. 

toonling 

Loominjf  is  tlie  exact  opposite  ol  a  nnrage. 
Ships,    lighthouses,    objects,    and  islands 
-sometimt^s'loonv  they  appear  to  hang  in  (he  sky 
above  their  real  locations.  On  some  bodies  of 
water  ((aill  b\  (alilornia  and  Chesapeake  Bay. 
-for  t^rniphry  iuDiiiliigis  conViim     FigiFrc  :2-T5" 
*  sbows'  the  path  of  light  rays  in  looming. 

Tlic  reason  tor  looming  is  that  air  is  cookd 
aP*he  water's  surface  and  imiox  of  ivfraction  of 
the  aiv  decreases  higher  up  causing  the  rays  of 
light  to  bend  downward,  as  shown  in  Ihe 
illustration.  This  explains  why  a  lighthouse 
sometimes  appears  to  ha^ig  in  the  sky. 

'  Heat  Waves 

On  a  hot  day  the  columns  of  heated  air 
which  rise  from  the  earth  are  optically  different 
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FJflurt  2-38. -Path  of  light  rayt  from  i  looming  object. 


from  the  surrounding  air  and  rays  of  light  are 
irregularly  refracted.  The  air  Is  turbulent,  and 
cx)nditions  under  which  observations  are  made 
change  constantly,  An  object  viewed  through 
such  layers  6f  air  therefore  appears  to  be  in 
motion  and  the  air  is  boiling;  or  the  image  is 
dancing  becau.se  of  heat  waves.  This  condition  is 
particularly  bad  lor  using  a  high-powered 
telescope  of  more  than  20  power.  The  heat 
waves  are  Caused  by  tlie  re t  ract  ion  of  light  waves 
at  various  angles,  "thereby  creating  a  disfortjon. 


Rainbows 


The  formation  of  a  rainbow  is  a  goofl 
example  of  refraction,  reflection,  and  dispersion 
all  combined.  Before  you  can  sec  a  riiinbow, 
however,  several  contlitions  must  be  ideal.  First 

.  of  all,  you  must  be  looking  toward  a  point 
where  the  atmosphere  holds  millions  of  drops  of 
water,  cither  in  the  form  of  mist  or  falling  rain. 
The  sun  must  be  shining  from  a  point  behind 
you  and  it  must  be  fairly  .low  in  the  sky.  (Wh6ti 
standing  on  the  ground,  you  can  rarely  see  a 
naturaUainbow  at  noon). 

Figure  2-39  illustrates  what  takes  place  in, 
the  formation  of  a  rainbow.  Qf  course,  it  takes* 

^  millions..of  drops  of  water  ai\d'  you  see  seven 
colors,  but,  for  "{impncity,.  the  diagram  only 
shows  Three  drops  of  water  ahd  three  colors. 
Rays  of  light  are  striking  at  miny  points  on  the 
siirVace  of  each  drop,  but  the^rays  that  strike  at 
certain  points,  as  shown  in  the  diagram,  are  the 
only  oiws  that  can  be  seep.  When  the  ray  enters 
the  drop  of  wate^,  it  is  immediately  refracted 
and  dispersed.  The  light  is  then  reflected  back 
toward  the  surface  due -to  intvrnaJ  reflection  and 
is  refracted  again  as  it  leaves' the  dr©p  of  water, 
^  €on tinning  to  be  dispersed  into  spectral  color  as 
it  enters  the  atm(;^here  again. 
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CHAPTER  3 


MIRRORS  AMD^PRISAAS 


This  chapter  is  devoted  primarily  to 
descriptions  of  phuie  mirrors  and  prisms  and  the 
effect  tUey  have  on  light  transmission.  However, 
before  you  get  into  the  discussion  of  mirrors  and 
prisms,  you  should  be  familiar  with  two  basic 
factors-measurement  systems  used  in  optics  and 
image  descriptions. 


MEASUREMENTS  IN  OPTICS 

An  Opticalman  at  various  times  works  with 
at  least  four  systems  of  measurement:  the 
English  system,  metric  system,  degree  system, 
and  mil  system.  You  are  already  familiar  with 
the  English  system  where  the  basic  unit,  the 
foot,  can  be  converted  to  smaller  or  larger  units 
by  multiplying  or  dividing  by  known  conversion 
factors.  The  English  system  is  not  entirely 
satisfactory  for  optical  measurements  because  it 
is  complicated  and  cumbersome.  The  lack  of 
simple  ^elati6nships  between  units  makes  it  very 
difficult  to  carry  out  computations.  Hence, 
other  systems  of  measurement  are  sometimes 
more  desirable. 


METRIC  SYSTEM 


Shortly  after  the  French  Revolution,  near 
the  end  of  the  18th  century,  the  National 
Assembly  of  France  decided  to  appoint  a 
commission  to  develop  a  more  logical  measuring 
system  than  those  in  use  at  that  time.  The 
pi^duct  of  that  commission  was  the  ''metric 
system,"  which  has  been  adopted  by  most 
industrialized    countries   except   the  United 


States.  The  United  States  is  beginning  a  slow 
conversion  to  the  metric  system. 

In  1960,  the  International  Conference  on 
Weights  and  Measures  adopted  a  modernized 
version  of  the  metric  system  called  the 
International  System  of  Units,  (SI).  SI  was 
established  by  international  agreement  to 
provide  a  logical  interconnected  framework  for 
all  measurements  in  science,  industry,  and 
commerce.  The  six  base  units  of  measure  under 
SI  are: 


Length  -  meter  (m) 

Mass  =  kilogram  (k)  - 

Temperature  =  kelvin  (K) 

Time  =  second  (s) 

Electric  current  =  ampere  (A) 

Luminous  intensity  =  candela  -  cd 

In  your  work  as  an  Opticalman,  you  will  use 
the  metric  system  of  measuring  as  well  as  the 
English  system.  The  diameter  and  focal  length  of 
lenses  are  usually  stated  on  optical  drawings,  fot 
example,  in  millimeters-npt  iri  inches,  ki 
addition,  with  some  experience,  you  will  find 
the  metric  system  much  easier  to  use  than  the 
English  system. 

Decimals  are  basic  in  the  me!tt«>.^tem  of 
measurement.  You  can  easily  convert  iS^3ir-^»»e-,. 
unif^artother.  Suppose  you  know  that  an 
object  is  0.67  meter  long  and  you  need  to  know 
the  length  in  decimeters.  All  you  need  do  is 
multiply  by  10  to  find  that  it  is  6.7  decimeters 
in  length.  If  you  wish  the  length  in  centimeters,^ 
multiply^  by  100,  and  you  get  67  cm.- For  the 
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length  in  millimeters,  multiply  by  1,000  and  you 
get  670  mm. 

Suppose  you  are  using  the  Englisli  system 
and  need  to  convert  the  measurement  of  an 
object  which  is  0.67  yard  long  into  feet.  You 
must  multiply  by  3  to  get  the  answer  in  feet  and 
by  36  to  get  the  answer  in  inches.  . 

What,  then,  is  the  difference  between  using 
-the_Englisli  and  metric  system,  ol  measurejneiit? 
The   English   system   has  several  conversion 
factors;  whereas»  in  the  metric  system,  all  you 
need  do  is  move  the  decimal  point. 

The  unit  of  length  in  the  metric  system  is  a 
meter  which  is  equal  to  39.37  inches.  A  meter  is 
divided  intt)  100  equal  parts  called  centimeters; 
and  each  centimeter  is  divided  into  ten  parts 
called  millimeters  because  each  millimeter  is 
1/1, poo  part  of  a  meter.  AH  units  of  linear 
measurement  of  the  metric  system  are  multiples 
or  fractional  parts  of  a  meter  in  units  of  10. 

Following  is  a  table  of  metric  units,  with 
their  equivalents  in  inches,  yards,  or  miles: 


txact  conversion,  and  for  conversion  of  large 
unit«,  use  the  following  table; 


1  millimeter  - 

.03937  inch 

10  millimeters 

« 

1  centimeter  - 

.3937 

inch 

10  centimeteri 

m 

1  decimeter 

3.937 

inches 

10  decimeters 

m 

1  meter 

1.0936 

yards 

10  metf  rf 

m 

1  dekameter  - 

10.936 

yards 

lOdekametert 

1  hectometer  - 

109.36 

y^rds 

10  hectometers 

m 

1  kilometer  ■ 

.6214 

miles 

The  names  of  multiples  in  the  metric  system 
tre  formed  by  adding  the  Greek  prefixes:  deka 
(ten),  hecto  (hundred),  kilo  (thousand),  and 
mega  (million).  Submultiples  of  the  system  are 
formed  by  adding  Latin  prefixes:  deci  (tenth), 
centi  (hundredth),  milli  (thousandth),  and  micro 
(millionth). 

For  quick,  approximate  conversion  from 
inches  to  the  metric  system  units,  or  vice  versa, 
refer  to  a  metric  unit-inch  conversion  table, 
which  your  optical  shop  will  have.  For  more 
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Frqm 

To 

Multiply 

Milli^ 

Milli- 

meters 

Inches 

meters  by 

Inches 

Midi 

Inches  by 

25.4 

meters 

Meters 

Inches 

Meters  by 

Meters 

Yards 

Meters  by 

1.0936 

Inches 

Meters 

Inches  by. 

.0264 

Yards 

Meters 

Yards  by 

.9144 

Kilo- 

Kilo- 

meters 

Miles 

meters  by 

.6214 

/ 

Miles 

Kilo 

meters 

Miles  by 

1.609 

The  unit  of  volume  in  the  metric  system  is  a 
LITER  which  is  the  vohimc  of  a  cube  1/lOth  of 
a  meter  on  eachnside.  A  liter  Is  equal  to  1,000 
cubic  centimeters  which  is  equivalent  to  1.057 
quarts. 

Tlie  unit  of  mass  in  the  metric  system  is  a 
GRAM  which  is  the  weight  of  1  milliliter  (ml)  of 
distilled  water  at  4^C.  For  all  practical  purposes^ 
a  gram  may  be  considered  as  the  weiglit  of  1 
cubic  centimeter  of  water. 

Tlie  three  standard  units  of  the  metric 
system  (meter,  liter,  and  gram)  have)  decimal 
multiples  and  submultiples  which  make  it  easy 
to  use  for  all  purposes.  Every  unit  of  lengthy 
volume,  or  mass  is  exactly  1/lQth  the  size  of  the 
next  larger  unit. 

Standard  abbreviations  for  principal  metric 
units  are: 

Meter  m 

Centimeter  icm 

Millimeter   mm 

Uter   1 

MillUiter   .  ml 

Cubic  centimeter   cm^ 

Grm  ,  g 

Kilogram  .  kg 

Milligram  v-  "^8 
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DEGREE  SYSTEM 


The  degree  system  it  s  me«ni  of  measuring 
and  designating  angles  or  arcs.  A  degree  Is  1/360 
of  the  circumference  of  a  circle,  or  the  value  of 
the  angle  formed  by  dividing  a  right  angle  inta 
90  equal  parts.  Each  degree  is  divided  Into  60 
parts  called  minutes,  and  each  minute  is  divided 
into  60  parts  called  seconds. 

NAVY  MIL  ~ 

A  Navy  mil  is  a  unit  of  measurement  for 
Angles,  much  smaller  than  a  degree- 1/6,400  of 
the  circumference  of  a  circle. 

A  mil  is  the  value  of  the  acute  angle  of  a 
triangle  whose  height  is  1,000  times  its  base.  For 
example,  when  you  look  at  an  object  1,000 
meters  distant  and  1  meter  wide,  the  object 
intercepts  a  visual  angle  of  1  mil.  Another  way 
to  say  this  is:  A  mil  is  an  angle  whose  sine  or 
tangent  is  1/1,000.  NOTE:  For  very  smaU 
angles,  the  sine  and  tangent  are  practically  the 
same.  ^ 


IMAGE  DESCRIPTION 

An  image  is  a  representation  or  optical 
counterpart  of  an  object  produced  by  means  of 
Ught  rays.  An  imai^forming  optical  element 
forms  an  image  by  collecting  a  bundle  of  light 
rays  which  diverge  from  an  object  point  and 
^sforming  them  into  a  bundle  of  rays  which 
either  converges  or  diveiges  from  another  point. 
If  the  beam  actually  converges  to  a  point,  a  "real 
image"  of  the  object  is  produced.  If  the  beam 
diveigea  from  a  point,  it  produces  a  'Virtual 
image"  of  the  object. 

REAL  IMAGE 

^  A  real  image  is  one  that  actually  exists  and  is 
produced  when  the  rayi  of  light  coming  from  an 
ohif  ct  convejie  at  a  conimoh  point*  The  image 
formed  by  the  lent  of  i  camehi  on  the  ground 
IM  pthte.  aa  iihiitnited  in  flguie  3*1,  is  the  real 
image,  A  real  image  oa^  be  p*Q|ected  on  a  ibteen 
ai  With  a  mdvie  projectbr. 
'  Raftr  now  to  flg«tre  3.2  lind  tmce  the 
incident  Bght  rayi  from  the  ohj^  to  m  ground 


•FIflurt  S.1.~R««I  imiQt  oC  a  Milo^  on  photographle 

plitt* 

V. 

glass  of  tjie  camera  where,  thji^real  image  is 
formed,  the  plane  In  which  ti|pmage  lies  is 
called  the  image  plane-iwhete  afl  of  tlii 
converging  Ught  rays  intersect. 

VIRTUALIHAGE 

A  virtual  ima^e  is  so  called  because  it  does 
not  have  a  real  existenpe.  It  exists  only  in  the. 
mind  and  is  apparent^bhly  to  the  eyes  of  the 
observer.  A  good  example  is  the  virtual  image 
seen  by  the  sailor  in  figure  3-3.  The  image  of  the 
sailor  looking  into  the  mkror  appears  to  b^  on 
the  other  side  o^the  minor,  a  distance  equal  to 
the  distance  bet>^eeri  the  sailor  and  the  mirrbt. 

A  virtual  imag^  exists  only  when  it  Is  viewed 
by  the  eye,  in  contrast  with  the  ttttX  Image  thit 
actually  exists  and  can  befeproduced  by  Olm  or 
projected  on  a  aoreen> 

IMAGE  ATTITUDE 

One  of  the  most  import  featurei  a  designer 
must,  consider  when  des^ing  ah  optical  systeth 
Is  'Image  attitude.*'  In  fact,  tjie  poaition  of  the' 
image  m  relation  to  .the  object  is  often  the 
primary  reason  fbr  using  ah  dptioal  system/  Ih 


Figurt  3-2.— Formation  of  a  rtal  imaga  by  a  potitivt  oamara  Itnt. 
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4.  Of  the  same  size  as  the  actual  object  or 
enlarged  or  diminished. 

Normal  and  Erect 

If  the  image  has  the  identical  attitude  as  the 
object,  if  is  said  to  be  normal  and  erect.  This  is 
illustrated  by  the  letter  F  shown  in  figure  3-4A, 
The  image  could  be  larger  or  smaller  than  the 
actual  object  in  this  or  the  following  three 
situations.  ^ 
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ngum  3-3.— Virtual  imagt  of  t  tailor  at  laan  in  a  mirror. 


Kpverted  and  Erect 

When  you  look  in  a  mirror,  as  the  sailor  in 
figure  3-3,  you  don't  see  yourself  as  others  see 
you  because  your  image  is  reverted.  If  you  held 
a  cut  out  of  the  letter  F.up  to  a  mirror,  it  would 
be  reverted  and  erect  as  illustrated  in  figure 
3-4B, 


describing  image  w  attitude,  we  use  the  terms 
invcU  and  revert.  Invert  means  to  turn  over,  or 
upside  down.  Thus,  for  object  R,  the  inverted 
image  is  B  *  Revert  means  to  turn- the  opposite 
way  so  that  right  becomes  left  and  vice  versa. 
Thus,  for  object  R,  the  reverted  image  is  f|  .  An 
ijmportant  point  to  remember  when  you  describe 
any  image,  is  to  always  compare  the  actual 
appearance  of  an  objt.ct  with  the  altered 
appearance  produced  by  an  optical  element. 
To  describe  an  image,  you  can  say  that  it  is: 

1 .   Real  or  virtual 
2-  Erect  or  inverted 
3.  Normal  or  reverted 


Normal  and  Inverted 

The  image  of  an  object  that  is  upside  down 
only  is  termed  normafand  inverted  (fig.  3-40, 
An  example  of  how  an  image  can  be  normal  yet 
inverted  is  Shown  in  figure  3-5,  where  you  view  a 
building  reflected  on  the  surface  of  water. 

Reverted  and  Inverted 

Refer  again  to  illustration  3-1.  The  image  of 
ttie  sailor  in  this  illustration  is  formed  on  a 
photographic  plate  (ground  glass)  by  the  lens  of 
a  camera.  The  image  is  inverted  (upside-down) 
and  reverted  (left  to  right).  You  know  this  is 
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Fiiura  »4.-V«rkMM  Iiimq*  attltuftoi  of  th*  ItHtr  "F/ 
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/  14^243 
Figuff*  3>B.-Hormil  mhI  inv«rttd  nflMtMl  Imngv. 


true  beoaute  the  uilor  it  th<  object,  which  is 
erbct;  itid  his  picture  on  the  iround  glass  is  the 
itntge  (upside-down).  NOTE:  ALWAYS 
COMPARE  THE  IMAOB  With  TriB  ACTUAL 
OBJECT. 

The  rule  for  describihg  an  imtge.  in 
eompiriion  with  the  obiect  i(^hich  formed  it,  is 
as  followv:  Stind  between  the  opticil  element 
and  the^object  and  look  at  the  object.  Then^ 
^and  la  tl^at  you  may  view  t]Ke  imiie  which  is 
fbniMd  and  compare  the  Attitude  of  the  imMe 
with  the  way  the  object  looks. 

Now  study  part  A  of  ngure  3-i5  which  shows 
you  where  to  stand  to  view  an  objeet  In  e 


minor:  Note  the  position  of  the  object  and  also 
the  position  of  the  virtual  image,  which  is 
seemingly  behind  the  mirror.  - 

Part  B  of  figure  3-6  shows  you  where  to 
stahd  to  view  an  object  and  where  to  stand  to 
view^  on  plate  glass  or  a  screen,  the  hnage  of  that 
object  created  by  a  positive  lens;  c(The  straight 
line  through  the  center  of  the  lens  is  the  optical 
axis.)  Lenses  are  discitesed  in  detall  in  chapter  4. 

IMAGE  TRANSMISSION 

Image  transmission  by  use  of  a  mirror  or 
prism  is,  in  fact,  light  reflection  and.refraction 
put  to  practical  use.  The  mirror  or  prism  is 
mouiited  so  that  it  will-transmit  U^t  from  an 
object  to  whatever  point  is  desired.  Remember, 
mirrors  i|nd  prisms  do  not  produce  images,  they 
merely  alter  the  path  of  light  and  the  atti^de  of 
objects  viewed  through  these  optical  elements! 

PLANE  MIRROR'S 

In  a  dftrk  room>  if  you  view  a  tiny  pohit  of 
light  in  a  mirror,  the  point  of  light  appears  to  be 
located  behind  the  mirror  and  on  the  other  side 
of  the  room  from  where  It  at^ily  is.  You  see 
tteng  the  path  of  the  reflected  lay  to  the  point 
where  the  incident  rayisneflected  by  the  mirror 
(teye  "A,"  fig.  3-7).  YbW  line  of  tight  ia 
extended  in  your  mind  in  a  di^ct  line  through 
and  beyond  tlie  minor.  The  ipiarent  portion  of 
the  point  of  light  in  theymiiit^  i«  locAted 
directly  acrosi  the  room  irom  the  light  source 
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APPARENT  POSITION 
Of  OtJCCT 

( vmruAL  iMAoc ) 


\  rS?^^^^*^^  ^^^^ 

view  OBOCC 

\  \ 


THCN 


STAND  Htnt TO 
View  fCfLCCTlON  '•^^ 


(OBJECT) 


\ 


/ 


1; 


(OBJECT) 


STAND XERE  TO 
VIEW  IMAOE 


A.  POSITION  TO  STAND  FOR  VIEWING  AN  OBJECT  ITSELF  AND  THE  POSITION 
TO  STAND  FOR  VIEWING  THAT  OBJECT  IN  A  MIRROR. 

B.  POSITION  TQ  STAND  FOR  VIEMflNG  AN  OBJECT  AND  THE  POSITION  TO  STAND 
FOR  VIEWING  THE  IMAGE  OF  T^AT  OBJECT  CREATED  BY  A  POSITIVE  LENS  . 


Figurt  3-6.-Vikwin9  obi«ot9  and  l^agi  attitud*  •Itertd  by  optloal  vltintnti. 
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^Iwrt  3-7.-Appiir«nt  poiitloni  of  • 


and  at  the  same  distance  behind  the  mirro^  as 
the  light  source  is  in  front  of  the  mfrrof. 

As  long  as  you  can  see  the  tiflection  of  the 
point  of  light  in  ^thc  mirror,  regardless  of  your 
location  in  the  room,  its  apparent  jposition  is 
unchanged.  Observe  the  line  of  sight  of  eye  "B* 
in  figure  3-7.  The  point  of  light  (object)  is 

t  ■  .  >■      '■■        .   .,    '    ■  .0 

•  ft  ' 


1S7.B3 

of  lidht  rtf IfctMl  bf  a  pt«n«  mirror. 


reflected,  and  the  f  pparent  position  of  its 
reflection  is  changed  only  V£hen  the  position  pf 
the  object  or  the  mirror  is  changed.  " 

If  you  replace  the  point  of  light  (source) 
with  a  letter  covered  with  luminous  paint  (F,  fig. 
3r8),  light  from  every  poJnt  on  the  letter  sehds 
out  in,oj|dent        which  are  reflected  by  the 
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iHirror,  luich  iiiciclcnt  ray  aiul/or  rcllcctocl  ray 
obeys  the  laws  of  rotloction  arul  their  paths  can 
be  plotted  accordingly^The  entire  object  is  lieen 
as  a  combination  ol  an  inliiiite  nlniiber  of 
individual  points  of  light,  eonsecjuentl*  reflected 
to  your  eye.  As  you  look  along  the  piS^'hsot  the 
reflected  rays,  you  see  the  object  seemitigly  back 
of  the  nnfror  and  in  an  erect,  reverted. attitude. 

A -single^  nuFrop  e?in  be  so  rTtotmtexi  thirt  it 


will  reflect  light  for  a  practical  purpose.  An 
adjustable  mirror  on  a  car  fender  is  a  good 
example  of  such  reflection.  If  the  object  cannot 
be  reflected  satisfactorily  with  a  single  mirror,  a 
second  mirror  can  be  so  placed  that  it  will 
a^lect  light  from  the  first  mirror  and  retransmit 
it.  Figure  3-9  shows  how  mirrors  can  be  arranged 
so  that  they  will  change  the  line  of  sight.  ' 


f  137.5B 
figure  3*9.-Attitud8  of  an  object  produced  by  two 
plant  mirrors  placed  at  right  tmglet . 


The  two  mirrors  shown  in  figure  3-^>  are 
phiced  (mounted)  together  in  such  a  manner 
that  they  form  a  90"^  angle,  l,ight  from  an  object 
(F)  strikes  the  reflecting  surface  of  one  mirror 
and  is  rtSflected  by  the  first  mirror  to  the  second 
mirror,  which  reflects  them  again  in  rays  parallel 
to  the  original  rays.  The  light  reflected  by  the 
two  mirrors  is,  therefore,  retlecled  a  total  of 
180^.  Also,  since  the  two  mirrors  are  mounted  so 
thatyoir  are-|Diyknig  iiTTlT^"bi!c^lrDT^^ 
(F),  the  image  atti.tude  is  unehitnged  in  relation 
to  the  object.  If  you  were  to  stand  between  the 
mirrors  and  the  object  (F).  the  object  would 
appear  as  Cq),  which  is  exactly  what  is  seen  as  a 
result  of  the  two  reflections  from  the  mirroi>;, 

NOTF:  Review  the  information  given  earlier 
in  this  chapter  concerning  the  comparison  of 
images  with  their  objects. 

REFRACTING  PRISMS 

A  prism  is  a  piece  of  glass  whose  surfaces  are 
flat,  but  at  least  two  of  the  surfaces  are  not 
parallel.  Prisms  are  generally  made  from 
borosilicate  crown  glass,  because  it  has  high<. 
resistance  to  abrasion  an^  damage  by* 
atmospheric  elements.  Some  prisms  are  used  for 
both  refraction  and  reflection  in  iiiilitary  optical 
instniments^  Much  of  your  repair  work  in  tjje 
optical  shop  concerns  them  and,  therelbn^lyou 
should  understand  fully  how  prisms  wot^  in 
controlling  the  direction  of  liglit. 

Unlike  a  lens,  a  prism ^  is  a  block  of  glass 
constructed  with  plane  surfaces,  and  it  can  be 
designed  to  refract  and  reflect  light  in  numerqus 
ways.  The  use  of  prisms  in  optica!  instruments, 
therefore,  permits  variations  in  design  which 
otherwise  would  be  impossible.  Plane  mirrors, 
for  example,  are  sometimes  used  to  change  the 
angles  of  light  rays,  but  the 'silvered  surfaces 
tarnish  and  cause  loss  of  ligtU  which  b\icomei5 
more^serious  as  the  instrument  becomes  oldvr.  A 
prism,  on  the  other  hand,  can  be  mounted  in  a  ; 
simpler  and  morc^permangnt mount  and  used 
for  the  same  purpose. 

The  surfaces  of  a  prism  are  not  easily 
disturbed,   and  a  prism  can  produce  more 
numerous  reflection  paths  than  a  mirror.  Prisms ' 
are  used  singly  or  in  pairs  for  changing  the', 
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direction  of  light  ftom  a  few .  seconds  of  ard 
V-  (measuring  wedges)  to  as  mu<jh  as  360  degrees. 
"  .  Review  figure  2-27  which  ^ows  how  light  is 
refracted  by  a  prism.  Mote  that  the  incidisnt  ray 
of  light  is  bentftoward  the  NORMAL  of  the 
front  face  and  away  from  the  normal  of  the  rear 
face  (surface).  Observe,  also,  tht  angle  of 
deviation  which  is  a  measure  of  the  amount  of 
change  in  direction  of  a  light  ray  caused  by  a 
prism.  ^ 


V 


Wedge  * 

• 

Prisms  with  the  two  plane  surfaces  at  slight 
angles,  which  divert  the  paths  of  light  through 
angles  by  refraction  instead  of  reflection,  are 
called  optical  wedges.  Optical  wedges  are  used  in 
flre  control  instryments;  they  may  be  used 
where  the  angle  of  deviation  required  is  a  mattel"^ 
of  fractions  of  seconds. 

The  ^i»gle  at  which  a  wedge  diverts  a  path  of 
light  depends,  "upon  th?  angle  between  tfte 
entrance  and  emergence  faces  and  the  index  of 
.refraction  of  the  glass.  ' 

Some    wedges    used    in    fire  control 
instruments  appear  to  be  disks  or  plates  of  glass 
with  parallel  surfaces,  because  the  angle  between 
the  surfaces  is  so  slight  it  cannot  be  detected 
except  by  actual  measurtsment.  All  wedges  cause 
a  certlin  amount  of  deviation  in  the  path  of  • 
light    which    passes    through   them.  §ome 
instruments  which  use  wedges  are  therefore 
designed  to  create,  a  definite  amount  of  initial  , 
deviation  of  a  ray  of  light  when  it  leaves  the 
wedge.  This  deviation  is  used  to  Correct  for 
errors  in  the  path  of  light  occurring  in  an  optical  * 
system.' 

It  is  possible  to  change  the 'path  oif  light 
passing  through  a  wedge  by  rotating  the  wedge. 
See  figure  3-10.  the  solid  path  of  light 
repreients  the  deviation  of  light  in  the  original 
position.  The  dotted  path  is  the  result  of 
rotating  the  wedge  180**,  The  extent  to  which  a 
wedge*  diverts  the  path  of  light  may  also  be 
varied  by  changing  the  position  of  the  wedge  in 
relation  to  the  other  elements  of  fheroptjcal 
system,  fis  shiwn  in  figure  3^1 1  A. 
,  Another  inethod  for  chani^ng  ttte  ^)ath  of 
light  by  erisins  is  througii  the  use  of  paihi  of 
wedges  glared  to  rotate  in  opposite  directio*n8. 
Two  or  four  elements  are  wtd  and  they  ate 
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fi^tf  3-10.-Dirtotlon  of  light  ohangtd  by  •  rotating 


referred  to  as  ROTATING  WEDGES,  or 
ROTA<nNG  COMPENSATING  WEDGES. 
Figure  ^>fB  shoAVs  how  light  is  refi:acted  by 
wedges  In  thre^different  positions! 

Prism  Diopter 

The  dioptric>  strength  of  a  prism  is  a 
measurement  of^jtMdistance  the  refracted  fay  of 
light  deviates  frbmlhe  path  of  the  incident  ray 
at  I  meter  from  the  prism.  Study  figure  3rl2.  A 
prism  of  1  diopter  bends  light  to  such  an  extent 
that  whch  a  refracted  ray  travels  1  meter  beyow 
the  prism  it  deviates  a  distance  Qf  f  cm  from  the 
path  of.  the  incipient  ^y.  If  a  prism  has  a  power 
of  2  diopters,  for  example,  the  defViatlon  of  the 
refracted  light  passing  through  it  is  2  cm  at  a 
distance  of  I  mete^omj  the  pftsm,  and  so  on. 

REFLECTING  PRISMS  - 

Most  of  the  prisms  used  In  optical  systc^ns 
are  reflecting  prisms.  Deviation  of  light  by  a 
reflecting  prism  is  brought  about  by  internal, 
legular  reflection.  Some  of  the  mdst  common 
types  of  reflectirig  prisms  are  discussedVin  the 
following  pages. 
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Figurfe  3-11.— Path  of  light  changed  by  pairs  of  prisms  rotating  in  opposite  directions. 
VERTEX 


INCIDENT 
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Figure  3-12.-Prism  diopter. 
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Right-Angle<l  IVisni 

Vam  a  stilo  view,  thr  sluipr  ol  ;i  Mjihl-iingknl 
prism  dig.  .^1 }).  ivsnnhlos  ;in  isosivk's 
righlsinglod  friiinglc.  I'risins  with  thi.s  basic  sluipo 
arc  used  in  many  ways  m  optical  instrinnoiHs. 

The  name  oT  a  righi-Zngle  pnsin  iinplios  that 
it  gives  rollccfioMs  ol  onl\.  hut  Mir  pnsm 
can  actually  ho  used  (o  givr  irfketKMis  at  a  great 
llUUibvi  ol\LmgLci..Tit  a  nght-auiikA  prism  is  rigidly 
mounted  and  only  ra>s  ol  light  parallel  to  the 
normal  on  a  side  opposite  the  hy[H)tenuse  aiv 
permitted  to  enter,  thr  rays  are  not  relYaeted 
upon  entering  and  leaving  the  prism  they  are 
merely  reflected  hy  the  hypotenuse  at  a  true  90^ 
angle.  When  the  pnsm  is  used  m  this  manner, 
incident  light  strikes  the  ivtleeting  suifaee  at  an 


OBJECT 


B  OBSERVER 

4 


;inglc  gioiitcr  tluii)  the  critical  anglo  so  total' 
Internal    lolloction    occurs.    Thcrcfoic  the 
rc licet ing  siiMacc  ilocs  not  iiccil  to  bo  silvered. 

When  a  right-angled  prism  is  mounted  so 
tha,t  the  rellecting  hypoteiui.sc  can  be  tilted  at 
various  angles,  it  can  be  u.sed  to  elevate  and 
tle|>re8s  the  line  of  sight  as  illustrated  in  figure 
.1-14.  This  arrangement  is  used  in  gunsights  and 
P^'''^^'"P^'*^-  „fJ^^*  angular  displacement  of  the 
li^ie  of  sight  is  double  the. angular  tilt  of  the 
prisn).  Al.so,  notice  the  refraction  of  light  that  . 
takes  place  at  the  entrance  and  emergence  faces 
of  the  .  prism.  With  the  pri.sm  used  in  this 
manner,  the  incident  light  may  strike  the 
rellecting  surface  at  an  angle  less  than  the 
critical  angle  and  emerge  from  the  prism.  For 
this  reason,  the  reflecting  surface  is  silvered  so 
that  all  light  striking  the  reflecting  siirfjwe  will 
be  usable. 

If  you  hold  a  right-angle  prism  so  that  your 
line  of  sight  is  deviated  to  the  left  or  right,  all 
the  objects  you  observe  will  appear  erect  and 
reverted  (rellection  in  the  horizontal  plane). 
When  you  hold  the  right  angle  prism  so  that 
your  line  of  sight  is  deviated  up  or  down,  all 
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Figure  3-13.— Right-angled  reflecting  prism. 
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Figure  3- 14. -Right-angled  priim  ai  elevation  priim. 
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objects  that  you  observe  will  appear  normal  and 
inverted  (rellection  In  the  vertical  piano). 

Porro  Prism 


A  porro  prism  is  actually  a  right-angled 
pri8in,>H€^d  in  a  different  manner.  When  the 
hypotenuse  of  a  right-angled  prism  is  used  to 
receive  incident  rays  of  light  and  exit  the  same 

 roys  aftct^the-  evther— two— faces— of^thc-prism- 

reflect  them,  the  prism  is  called  a  pOrro  prism. 

Review  figure  3-9  and  study,  figure  3-15; 
observe  that  the  line  of  sight  is  reflected  a  total 
of  180°.  Note  also  that  the  letter  F  appears 
reverted;  but  when  you  apply  the  image  attitude 
rule,  you  find  that  it  is  normal,  You  can  prove 
that  this  is  true  by  the  following  experiment. 
Hold  a  book  so  the  printed  pages  are  facing 
away  from  you.  Hold  a  porro  prism  in  the 
horizontal  plane  as"  in  figure  3-1 5A  and  lay  the 
hypotenuse  face  on  a  page  so  that  half  the  prism 
is  extended  over  the  -edge  of  the  book.  When 
you  look  into  the  exposed  face  of  ttie  prism,  the 
printing  you  see  is  completely  normal.  Now 
rotate  the  prism  90°  so  that  half  the  prism 
extends  over  the  top  of* the  book.  When  you 
view  the  printing  in  this  manner  everything 
appears  to  yoii  inverted  and  reverted. 

Porro  prisms  are  nevv»r  used  singly,  thfey  are 
mounted' in  pairs  as  shown  in  figure  3-1 5 B.  This 
arrangement  is  called  a  porro/prism  cluster,  and 
an  object  viewed  through  it  will  appear  inverted 
and  reverte^.  The  porro  prism  cluster  is  used 
effectively  as  an  erecting  system  in  many  optical 
instruments  such  as  binoculars  and  gunsights. 
The  reflecting  surfaces  do  not  require  a  silver 
coating  because  the  angle  at  which  light  strikes 
.  them  is  greater  than  the  critical  angle  of  the 
material  from  which  the  prisms  are  made. 

Dove  Prism 

A  dove  prism  (fig.  3-1^)  resembles  a 
ri^ht^angled  prism  with  its  90°  angle  sliced  off. 
li^ht  rays  which  enter  one  end  of  the  prism  are 
rtfraeted  to  the  longest  face  and  reflected  to  th^ 
opposite  face,,  (torn  >yhich  they  are  refracted  out"^ 
--.^  tto- prism  in  the  same  direction  they  were 
;  Ihwcimg  before  they  erttered  the  prism . 

Art  object  viewed  through  a  dove  prism, 
;  ■    when  the  base  (reflecting  surface)  is  down,  will 
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Figure  3-16: 


appear  inverted,  Wheh  the  prism  is  rotated  90° 
in  cither  direction,  the  same  object  will  appear 
I  erect  and  reverted  If  the  prism  is  then  rotated 

90°  so  the  base  is  up,  the  object  wH!  again 
appear  inverted:  Notice  that  the  prism  has  been 
rotated  through  180?  and  at  the  same  time  the 
attitude  of  the  object  has  changed  360°.  Any 
object  viewed  through  a  rotating  dove  prism  will 
appear  to  rotate  twice  as  fast  in  the  same 
direction.  To  provide  the  best  possible  view  of 
an  object,  the  reflecting  surface  of  the  dove 
prism  is  silvered, 

RHOMBOID  PRISM 

A  rhorrtboid  prism  is  a  parallelogram  with 
the  upper  and  lower  opposite  faces  cut  at  an 
angle  of  45°  and  parallel  to  each  other.  Study 
figure  3"l  7. 

The  rhomboid  prjsm  has  two  parallel 
reflecting  surfaces  which  provide  two  reflections 
in  the  same  plane  and  transmit  the  line  of  siglit 
unchanged.  (The  reflecting  surfaces  are  not 
silvered.)  It  does  NOT  invert  or  revert  the  object 
or  change  the  direction  of  light  rays,  but  it 
OFFSET^  Ihe  light  rays  from  their  original 
V  dy*cction. 

Regardless  of  the  manner  in  which  you  hold 
V         or  rotate  a  rhomboid  prism  about  the  line  of 
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Dove  prjsm. 
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sight,  the  attitude  of  an  object  viewed  is 
ALWAYS^  erect  and  normal.  The  only  purpose 
this  prism,  serves  is  to  offset  the  line  of  sight  to 
make  a  new  line  of  sight  parallel  to  the  old  line 
of  sight. 

PENTA  PRISM 

enta  prism,  shown  in  figure  3-18,  reflects 
light  from  two  reflecting  surfaces  by  an  amount 
equal  to  twice  the  angle  between  the  reflecting 
surfaces.  See  figure  3-1 8B.  Jjf  the  angle  between 
the  siNer^d  surfaces  is  45  (prism  angle),  the 
deviation  will  be  90^;  if  the  prism  angle  is  43°, 
then  the  deviation  of  the^  prism  is  86°.. 
(Remember  that .  deviation  is  measured  from 
whjpre  the  incident  li^ht  would  have  gone  to 
^where  the  plnerging  light^oes.)  Whop  a  penja^ 
prism  is  hel(^so  that  reflect  ion  takes  place  in  the 
horizontal  pmtt-  or  vertical  plane,  all  objects 
viewed  will  be  normal  and^erect.  The  prism  may 
even  be  rotated  slightly  without  changi[ng  the 
apparent  position  of  the  object  vieiwed.  This  is 
called  CONSTANT  DEVIATION.  There  wHl  be 
a  slight  amount  ofrefraction  at  ^le  entrain  ind 
emergence  faces,  but  the  refraction  is  eqiKl  and 
in  the  same  direction.  Th^efore,  the  line  o/ 
sight  between  the  target  and  observer  does  not 
change.  The  constant  deviation  feature  of  the 
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Chapter  3^MIRR0RS  AMD  PRISMS 


IKMita  prism  is  very  useful  in  rangefinders  which 
rely  on  optical  wedges  to  precisely  measure  the 
deviation  of  the  line  of  sight. 

,  lloof  Edge  Prism 


You  will  easily  understand  the  construction^ 
a£  a  roof  edge  prism  by  referriivg  to  llgiu^?- 
3-19A.  Light  enters  perpendicular  to  dfne 
surface,  reflects  left  to  right  and  right  to  left 
from  the  roof  edge,  and  is.  also  reflected  to 
emerge  perpcpdicular  to  the  second  surface. 
Light   reflected  from  the  root^  edge  in  this 


manner  will  cause  objects  to  appear  inverted  and 
reverted. 

A  roof  edge  prism  may  be  ground  so  that 
deviation  of  the  line  of  sight  is  90""  (fig,  3-I9B) 
or  60^  (flg,  3-l9C)i  A  90^  roof  edge  prism  is 
sometimes  called  an  Amici  prism.  Whatever  the 
deviation  of  the  prism,  light  will  always  enter 
and  leave  the  prism  perpendicular  to  the 
entrance  i^nd  emergence  ftiebs/ 

The  reflectihg  surfaces  are  not  silvered,  but 
the  roof  edge  must  be  protected  against 
chipping.  Any  chips  on  this  edge  will  show  up  in 
the  line  of  sight. 


.  Figuftt  3- 20. -^Schmidt  priim. 
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Schmidt  Prisin 

A  Schmidt  prisni»  illustrated  in  figure  3-3(0, 
•s  used  t6  erect  and  deviate  the  path  of  light  in 
small  navigation  instruments.  Its  function  is 
quite  similar  to  the  rodf  edge  prism. 

Liglit  enters  perpendicular  to  the  entrance 
face  and  is  reflected  down  to  the  roof  edge  from 
the  back  surface  of  the  prism.  At  the  roof  edge, 
light  reflects  lijft  to  right  imd  right  to  left  andts 
then  directed  toward  the  entrance  face>  where  it 
.  is  again  reflected,  and  emerges  perpendicular  to 
the  emergence  surface. 

The  reflect|ing  surfaces  of  a  Schmidt  prism 
arc  not  silvered  because  all  reflection  takes  place 
at  an^angle  greater  than  the  critical  angle. 


Prism  Defects 


for  a  prism  to  perform  its  fiinction  in  an 
optical  system,  it  must  first  be  produced  from 
the  correct  type  of  glass,  and  it  must  be  free  of 
strain  and  internal  defects.  Secondly,  the 
surfaces  qf  the  prism  must  be  perfectly  flat  and 
ground  to  precise  angles  so  that  the  path  of  light 
is  difccTed  in  The  exact  drfeclion  desired. 

Any  differences  in  the  density  of  glass  from  ^ 
which    a    prism    is   const  aicted    will  cause 
distortion  of  the  line  of  sight.  Likewise,  bubbles 
or  foreign  objects  in  the  glass  can  produce 
distortion  or  reduce  light  transmission. 
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CHAPTER  4 

LfNSES 


Tlie  basis  for  the  constmction  of  any  optical 
instrument  is  to  control  the  Ught  traveling  from 
an  object  so  that  the  object  is  viewed  more 
effectively  . wiWi  the  instrument  than  with  tM 
naked  eye.  Of  all  the  various  optical  elehrents 
used  to  control  light,  lenses  arc  the  mos^ 
important  and  most  widely  used.  Like  the 
prisms  and  mirrors  you  studied  in  the  previous 
chapter,  lenses  are  made  from  high  quality 
optical  glass. 


PROPERTIES  OF  GLASS 


Ordinary  and*  optical  glass  differ  greatly  in 
their  chemical  composition  and  also  in  the 
m'Unufacturing  process.  Tlie  ^only  common 
characteristic  of  all  glass  is  that  it  is 
AMORPHOUS.  T!)is  means  that  glass  does  not 
have  a  definite  or  crystalline  form  as  soird  bodies 
do,  , 


PHYSICAL  PROPERTIES 
Of  GLASS 

^  •• 

The  properties  of,glass^are  explainable  only 
if  we  assume  tliat  they  have  tlje  same  molecular 
arrangement  as  a  LIQUID.  When  a  crystalline 
body  passes  from  a  liquid  to  a  solid  state,  the 
transition  takes  place  at  a  definite  temperature 
artd  ii  accompanied  by  considerable  heat  which 
temporarily  haU»  SQlidification.  With  glass,  on 
the  other  hand,  the  traiisition  from  the  liquid 
state  4s^w  continuous  and  gradual  that  the  most 
delicate  instruments  have  failed  to  record  eitKef 
evolution    of   heat   or   retardation    of  the 


solidifying  process,  which  is'  a  gradual  stiffening 
>yithout  change  of  striicture'.  All  glass,  however, 
a'ssumes  a  crystalline'  structure  (devitrification) 
if,  while  in  the  vitreous  state,  the  temperature  is 
maintained  too  long  at  the  critical  state 
(crystallization  point).  Crystalline  glass  gives 
,  DOUBLE  refraction,  and  a  lens  made  from  it 
forms  two  separate  images  at  the  same  time. 

Since  glass  has  no  melting  point,  when  heat 
is  applied  to  it  gradually,  it  gets  soft  and  can  be 
molded  into  a  thread;  wherUt  is  rod  hot,  it  flows 
in  a  thick  mass.  A  tejij|ierature  of  sevei-al 
thousand  degrees  will  turn  glass  into  a  fluid. 

In  a  fluid  state,  glass  is  a  mixture  of  certain 
chemicals  in  solution.  The  most  common 
chemicals  used  for  this  purpose  are  the  silicates 
and  borates.  Under  ordinary  conditions  of 
cooling,  these  chemical  solutions  remain 
mutually  dissolved. 

Although  glass  is  a  liquid,  it  is  also  a  solid. 
Solids  are  characterized  by  definite  shape  and 
volume.  Crystalline  solids,  for  example,  haye  a 
regular  arrangement  of  particles;  amorphous 
solids^  on  the  other  hand*,  have  a  random 
arrangement  of  particles-large,  long-chain 
entangled  molecules. 

You  perhaps  wonder  how  anything  as  solid 
as  glass  can  be  a  liquid  or  in  an  amorphous  state. 
The  reason  f0r  this  condition  of  glass  is  that  the 
molecules  are  held  together  in  crystals  by  Van 
der  Waals  fOrccs»  which  jneans  that  the  electric* 
field  of  the.  atoms  of  one  jnolecule-causes  a- 
similar  variation  In  the  electrical  field  of  the 
atoms  of  another  molecule  to  generate 
attraction  between  them. 
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To  prove  that  glass  is  amorphous,  place  a 
thin-walled  glass  tube  approximately  5  feet  long 
on  two  nails  driven  into  the  bulkhead  of  your 
shop  equidistant  from  tlie  deck  and  observe  the 
bend  in  the  tube  during  a  5-  or  6-nionths' 
period.  Hold  the  glass  tube  against  the  bulkhead 
and  Inark  its  original  position  with  a  pencil,  so 
that  you  will  be  able  to  measure  the  amount  of 
bend  which  develops  during  the  period. 

One  interesting  thing  about  this  test  is  that 
when  you  first  place  the  tube  of  glass  on  the 
nails  it  shows  a  slight  bend,  which  immediately 
disapp<^ars  if  you  then  remove  it  from  the  nails. 
At  the  enrr  of  your  test,  however,  tlie  bend  will 
remain  in  the  tube  when  you  remove  it  from  the 
nails  becau,se  the  liquid  gla!5s  has  actually  flowed 
to  its  new  position. 


OPTICAL  QUALITIES 


The  purely  optical  characteristics  which 
directly  intluence  light  as  it  passes  through  glass 
include:  (1)  homogeneity,  (2)  transparency,  (3) 
freedom  from  color,  (4)  refraction,  and'  (5) 
dispersion. 

Homogeti^Mty  is  the  most  important  quality 
of  optical  glass.  If  you  examine  a  thick  piece  of 
ordinary  glass,  you  will  find' that  the  layars  of 
different  densities  show  clearly  in  the  form  of 
internal  irregularities,  known  as  VEINS  or 
STRIAE,  which  are  httle  streaks  with  a  higher  or 
lower  index  of  refraction  (bending)  than  the 
other  part  of  the  glass.  Many  times  the  striae  are 
so  small  that  they  cannot  be  detected  until  th€^ 
gla!5s  is  ground  (as  a  lens,  for  example)  and 
polished.-  Because  striae  affect  the  shari)ness  of 
an  image  formed  by  the  lens,  this  type  of  glass 
V  caimot  be  used  in  an  optical  instrument.* 

Vou  can  test  a  lens  for  striae  in  the  manner 
illustrated  in  figure  4-1.  If  you  plaee  a  light  (S) 
behind  a  screen  with  a  hole  in  it  directly  in  front 
^  of^the  Uglu  and  then  hold  n  lens  (L)  with  one 
hand  i>nd  a  knife  blade  (K)  at  the  point 
indicated  in  the  other  hand,  you  can  look  along 
the  optical  axis  (central  point)  of  the  lens  and 
detect  the  absence  or  presence  of  striae.  If  the 


lens  lias  no  striat,  the  field  appears  dark  (part  B, 
fig.  4-1);  if  the  striae  are  present,  they  show  as 
britilit  lines  (part  C\  fig,^4-l). 

To  be  homogenous,  a  lens  must  also  be  free 
of  dust,  dirt,  and  bubbles.  %  few  bubbles  in  a 
lens  stop  the  passage  of  light  through  the  lens  at 
their  location,  but  they  do  not  hurt  the  quality 
of  the  image.  Tke  best  lenses  may  have  one-  or 
two  bubbles,  but  inspectors  of  precision  len,ses 
reject  lenses  with  more  than  three  bubbles;  they 
also  reject  a  lens  with  only  one  bubble  if  the 
bubble  is  as  big  as  half  a  millimeter  in  diameter, 

The  degree  of  absorption  of  light  by  glass 
varies  with  the  color  of  the  light.  Optical  glass 
must  be  free  fr6m  color.  When  white  light  passes 
through  glass,  the  glass  absorbs  more  of  one  of 
its  compQuent  colors  than  of  the  other  colors, 
thus  causing  the  emergent  light  to  have  *a  slight 
color  tintr  In  thick  pieces,  purest  and  whitest 
glasses  always  show  a  di.stinct  blue  or  green  tint. 
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B.  No  striae  present 

C,  Striae  present  (white  line) 
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Chapter  4- LENSUS 


Refraction  and  dispersion  of  light  are  two  of 
the  most  important  properties  of  any  optical  ^ 
element.  Refraction  is  the  bending  of  a  ray  of 
liglU  when  it  enters  a  lens  or  prism;  dispersion  is 
the  separation  of  light  into  its  comiX)nent  colors 
as^t  passes  throi^i  a  prism  or  lens.  Dispersion 
dccurs  in  an  uncoTrected  lens  or  prism,  because 
ligh'f  is  refracted  diff^^rently  for  each  wavelength. 

Chemical  slabih'ty  is  an  essential  feature  of 
optical  glass,  because  the  best  lenses  would  soon 
be  useless  if  they  were  affected  by  moisture  and 
traces  of  chemical  fumes  in  the  atmosphere. 
Condensed  moisture  on  glass  absorbs  carbon 
dioxide  and  forms  carbonic  acid,  which  dissolves 
glass.  Distilled  water,  for  example,  must  be  kept 
in  specially  made  glass  containers  or  bottles 
because  it  dissolves  ordinary  glass.  High-quality 
optical  glass  (HARD  CROWN  and  BORO- 
SILICATE  CROWN)  resists  chemicals  and  is 
therefore  durable. 

AAother  important  feature  of  optical  glass  is 
MECHANICAL  HARDNESS  (generally 
accompanied  by  a  low  refractive  index). because 
lenses  must  be  hard  chough  to  resist*  the  effects 
of  cleaning  which  must  be  accomplished  as 
necessary.  The  difference^ in  degree  of  hardness 
is  a  result  of  the  elements  used  by  the 
manufacturer  to  get  desired  optical  qualities  in  - 
the  glass. 

Another  problem  with  optical  glass  which 
must  be,  avoided  is  STRAIN.  Strain  can  occur 
during  the  manufacturing  process  if  the  molten 
glass  is  not  cooled  (annealed)  properly.  When 
glass  cooljf,  it  contracts;  if  the  cooling  takes 
place  too  rapidly,  the  surface  will  cool  while  the 
center  remains  hot.  This  uneven  annealing  causes 
internal  stress  which  can  make  the  lens  shatter 
during  grinding  and  polishing,  or  while  mounted 
in  an  instrument. 

Although  desirable,  entire  freedom  from 
strain  is  essential  only  for  special  optical 
purposes.  Glass  manufacturers  know  from 
experience  the  amount  of  strain  permitted  in 
glass  intended  for  various  uses. 

You  can  test  for  strain  in  optical  glass  by 
doing  the  following:  (1)  mount  two  polaroid 


filters  iff  line  with  a  light,  1  jnch  apart;  (2)  look 
Unough  the  filters  toward  the  light  and  turn  one 
of  the  filters  until  the  field  is  dark;  and  (3)  while 
looking  irtto  the  dark  field,  hold  the  test  glass 
^between  the  two  polaroid  filters.  If  the  field 
remains  dark,  the  glass  is  free  from  strains. 
Strained  glass,  on  the  other  hand,  rotates  the 
plane  of  polarization,  causing  you  to  see  rings  or 
bands  of  colored  light. 

Raw  materials  used  in  making  optical  glass 
must  be  practically  free  from  impurities  because 
the  transparency  of  glass  allows  you  to  see 
defects  in  the  COLOR  and  QUALITY  of  the 
finished  products.  Although  volatile  and 
combustible  substances  are  usually  completely 
eliminated  by  high  temperature  during  the 
melting  step,  all  fixed  (stable)  substances,  which 
compose  the  mixture,  appear  iii  the  finished 
glass.  The  selection  of  raw  materials  for  optical 
glass  is  therefore  most  important. 

One  thing  to  remember  about  optical  glass 
conux>nents  is  that  the  greater  the  amount  of 
lead  used,  tiie  higher  will  be  the  index  of 
refraction  of  the  glass.  For  example:  CROWN 
GLASS  (fairly  low  index  of  refraction  and 
dispersion)  contains  piiospliorus,  barium ,  or 
boron,  but  no  lead;  FLINT  GLASS  (higher 
index  of  refraction  and  dispersion  than  crowj^i 
glass)  may  contain  a  small  quantity  of  barium  or 
boron,  but  it  does  contain  lead. 


LENSES 


A  lens  is  a  transparent  optical  element  that 
has  two  polisJied  miyor  surfaces  opposite  each 
other- one  surface  is  CONVEX  or  CONCAVE  in 
shape  and  is  usually,  spherical. 

Lenses  are  grouped  into  three  categories:  (1) 
thin  lenses;  (2)  thick  lenses;  and  (3)  compound 
lenses.  Basically  stated,  a  THIN  lens  is  so 
constructed  that  its  thickness  is  not  important  in 
measuring  the  distances  from  the  lens  to  the 
ima^e  and  to  the  object.  With  THICK  lenses, 
however,  because  of  their  thickness,  you  must 
make  allowances  when  measuring  the  distances 
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|o  the  imijisc  and  the  object.  A  COMmUNI)  lens 
is  composed  of  two  or  more  separate  lenses. 

There  arc  several,  more  technical 
considerations  made  in  the  grouping  ot  lensts-, 
but' we  will  discuss  only  those  affectijig  your 
work  as  an  optical  repairnian. 

Some  types  Qf*thin  lenses  are  illustrated  in 
figure  4-2.  Note  the  shapes  of  the  opposing 
suTTaces  of  these  lenses-  and  also  observeThat 
they  are  divided  inti^  converging  lenses  and 
diverging  -lenses.  A  convergent  lens  adds 
convergence  to  incident  light  rays  by  refraction. 
Convergent  lenses  arb  thicker  at  the  center  than 
at  the  edge  and  are  called  positive  lenses.  A 
divergent  lens  adds  divergence  to  incident  light 
rays.  Divergent  lenses  are  always  thicker  at  the 
edge  than  at  the  center  and  lire  called  negative 
lenses. 


One  important  rule  to  remember  when 
describing  a  lens  is:  RliAD  THE  SURFACES  OF 
THE  LENS  ACCORbiNG  TO  THE 
DIRECTION  OF  THE  IHCIDENT  LIGHT.  In 
tl»is  jnanual,  we  always  illustrate  t!ie  path  of 
light  as  going  from  left  to  right.  In  our 
"discussion  you  will  assume  that  light  travels  the 
same  way.  ' 


LENS  TEkMINOLOGY 


Before  we  go  on  with  the  study  of  lenses, 
you  must  udderstand  some  of  the  terms  and 
phrases  that  apply  to  lenses  and  their  use  in 
optics.  Refer  frequently  to  the  illustrations  that 
are  listed  in  these  discussions. 


DOUBLE  CONVEX 


PLANO  CONVEX 


CONVIItGINO  LINSES 


CONVEXO  CONCAVE 
MENISCUS  CONVERGING 


DOUBLE  CONCAVE 


PLANO  CONCAVE 
PIVIRQIN6  LINSIS 


CONCAVO  CONVEX  ^ 
MENISCUS  DIVCF^GING 
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CURV/VrURL 

Ciirvaliirc;  ;is  applied  to  Icnsos,  is  the 
amoiint  ot  dcpnrluro  from  a  Hat  siirracc.  Rotor 
again  to  t'igurc  4-2  and  noto  the  curvature  oftlie 
lens  surlaees,  1'he  surfacos  appear  to  bo  only 
curved  linos  but,  in  ottect.  Ions  surfaces  are 
spherical  in  sh;ipo^  To  virsUali/o  more  clearly  the 
surface  of  a  lens,  look  at  figure  4-3  which  shows 
a  segment  af  ,:r.  xsphere.  Thi\  curniturc-of  a  tens 
surface  is  described  as  tonwx,  'piano,  or 
conc;m\  Convex  surface*;  are  rounded  like  tlie 
exterior  surface  of  a  sphere;  piano  surfaces  are 
flat;  and  conceive  surfaces  are  rounded  inward 
like  the  iiUorior  surface  of  a  sphere.  T^you 
consider  tTio  sogtuont  at  the  top  i^s  a  lens,  you 
would  describe  one  surface  as  being  piano  on  the 
Hat  surface  and  the  olhtfr  as  convex. 

RADIUS  Of  CURVATURE  ^ 

In  optics  the  term  ''railius  of  ciirvature'* 
>  describes  the  ;um^ut\t  of  curvature  '  of  a  lens 


SEGMENT 


Figure  4-3. -Sphere  and  segment. 
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surface.  The  radius  is  a  lino  segment  extending 
from  tl)e  center  of  tiK*  sphere  to  the  curved 
surtace.  Figure  4-1  illustrijitos  a  sphere  with  a 
diamefer  of  3  inches,  Yhe  line  segment » 
measured  from  the,^#wUer  of  the  sphere,  is  1.5 
inches  and  the  .radius  of  curvature  is  also 
measured  as  L5  inches.  The  radius  of  curvature  ^ 
is  the  primary  factor  in  determining  the 
retracting  ability  of  a  lens.  The  smaller  the 
radiu,^  or  oarvmu'o,  the  nu>fe  lfl?h(  will  be 
refractA^d, 

FOCAL  LI  NGI  H 

riio  focal  length  of  all  lenses  is  in  the 
distance  from  the  principal  focus  to  fjie  opticat 
center.  Figure  4-4  shows  the  focal  lengths  <^  a 
convergent  lens;  llgurc  4-5  shows  t!ie  fbcal 
length,  of  a  divergent  lens. 

You  can  detennine  the  approximate  focal 
length  ol  a«convergent  lens  by  holdiiig  the  lens 
in  a  position  to  focus  the  imag<j  of  an  objtjct  at 
infinity  on  a  sheet  of  paper  or  ground' gla^s. 
\yhen  the  image  is  clear  and  sharp,  you  have 
reached  the  point  of  principal  focus;  if  you  then 
measure  the  dist;nnce  from  thejiniage  to  the* 
optical  center  of  tfie  lens,  you  wjJl  get  the  focal 
length,  /  ^ 

Optical  Axis 

Line  AB  ui  figure  4-6  is  the  optical  axis, 
which  is  an  imaginary  straight  line  f^assing 
through  Jhe  centers  of  curvature  of  lx)th 
surfaces*^f  a  lei>s.  Point  A  is  the  center  of 
curvature  of  the  rear  surface  of  the  lens;  point  B 
is  the  center  q\  curvature  of  ^he  front  surface  of 
the  lens.  "  * 

Principal  Plane 

Both  thin  and  thjck  lenses  have  two 
principal  planes  whicl)  are  imaginary'planes  at 
the  point  where  the  incident  ray,  if-i)rolonged, 
would  intersect  the  prolonged  emergent  ray.  In  . 
figure  4-6  this  plane  is  represented  by  line  CD. 
Notice  that  incident  ray  B,  parall^Fto  the  optical 
axis>  is  refraci^d  upon  entering  and  leaving  the 
lens.  J  f  both  the  incidetu  ray  and  the  emergent 
ray  Ire  extended,  as  indicated  by  the  dotted 
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they  would  intersect   at  *'d"  on  the 
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Figure  4-4.-Focal  lengths  of  a  convergent  lens. 
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principal  phinc.  Fn  a  thin  lens  with  equal 
curvatures;  the  principal  planes  cojncide.  In 
thick  lenses,  or  lenses  with  unequal  curvakircs, 
there  wilh  be  two  definite  principal  planes  which 
can  be  located  by  using  lines  B-B'  and  C-C'  a§ 
shown  in  figure  4-6. 

Optical  Center. 

•  ^  The  point  in  a  lens  through  whiclH*ght  rays 
pass  without  deviation  is  the  optical  center.  Irf 
thin  lenses  the  optical  center  is  located  on  th? 
optical  axis,  halfway  between  the  two  curved 
surfaces  of  the  lens.  This  is  indicated  by  the 
letter  "O"  in  figure  4-6;  in  a  thin  lens  the  optical 
center  will  be  intersected  by  the  principal  plane.. 

Principal  Focal  Point 
(Principal  Focus) 


The  principal  focus  is  the  point  .where 
parallel  incident  rays  converge  after  they  pass 
through  a  convergent  lens.  Every  convergent  lens 

t\|t)  points  of  priricipal  focus,  one  on  eacli^ 
side.  'Phe  point  of  principal  focus  on  the  left  sid^ 
ol->the  lens  is  the  PRIMARY  FOCAL  POINT"  ' 
(F,  in  fig.  4-6);  the  point  of  principal  focus  oa 
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the  right  of  the  lens  is  the  SECONDARY 
FCK^AL  POINT  (F^ ).  The  .incident  ray  B  is 
parallel  to  the  optical  axis  and,  after  it  is 
refracted  by  the  len<;,  passos  through  the 
SECONDARY  focal  point^Fi.  Ray  C  passes 
thfoifgh  the  optical,  axis  at  the  priihar>  focal 
point  Fj ,  is  refractell  by  the  lens,  and  emerges- 
parallel  to  the  axis. 

This  may  seem  confusing  but>  If  you  refer 
back  to^(^^'hapter  2  where  you  studied  the  Law  of 
Reversibility,  you  will  understand  that  a  lens  can 
have  t)vo  pVincif)al  focal  points. 


Figure  4-6.-Leni  terminology. 

POSITIVE  LENSES 


I" 


Principal  Focal  rane 


The  priocipal  focaj  planes  are  imaginary  lines 
(HI  and  H'l')  perpendicular  to  the  optical  axis  at 
the  points  of  princlpaKfocus  (fig.  4-6),  Even 
though  a  lens  has  two  principal  focal  planes, 
there  are  other  points  where  an  image' caa  be, 
form^.  Image  fprniation  will  be  fully  ex  plained 
later  11  this  chapter. 


Refer  again  to  the  group  of  converging  lenses 
in  figure  4-2.  Tjiese  lenses  are  called  positive 
lenses  because  they  will  always  converge  ligiit, 
regardless  of  surface  curvature,  as^long  as  the 
lens  is  thicker  jn  the  center  than  at  the  edges. 
Look  at  figure  4-7  (Parts  A,  B,  and  C),  Notice 
how  a  series  of  prisms  can  be  arranged  to  refract 
light  to  a  common  focus. 

If  you  apply  the  law  of  refraction  to  the  ray 
in  figure  4-8,  you  will  understand  what  happens 
when  it  passes  through  a  convergent  lens.  When 
an  incident  light  ray  entefs  a  convergent  lens  (a 
medium  more  dense  than  air),  it  bends  toward 
the  normal;  when  the  refracted  ray  (emergent 
goes  back  into  the  air,  it  bends  away  from 
the  normal.  All  parts  of  the  surface  of  the  lens 
behave  in  the  same  maimer.  Look  again  at  dgtire 
4-7  (A,B,C).  . 

NEGATIVE  LENSES 

The  diverging  lenses  shown  ^in.  figure  4-2  are 
called   negative  len,se$  because  they  always 
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FIflurt  4-8.-Rtfraction  bf  light  rayi  by  a  convtrgtnt  Itni. 


diverge  light,  regardless  bf  surface  curvature,  as 
long  as  the  lens  is  thinner  in -the  center  than  at 
the  edges.  Figure  4-7  (D,  E,  F)  illustrates  the 
path  of  liglit  through  a  series  of  prisms 
assembled  to  duplicate  a  negative  kns.  Figure 
4-9  sliows  how  a  single  ray  of  light  is  refract.cd 
when  it  passes  through  a  negative  lens. 

A  positive  lens  converges  incident  light  to  a 
focal  point  which  can  be  measured.  A  negative 
lens  will  not  produce  a  real  image;  to  determine 
its  focal  length,  you  must  extend  the, emergent 
rays  back  through  the, lens  to  establish  the 
imaginary  focal  length,  (fig.  4-7,  parts  E 
and  F).  ' 
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r||A(.jl-  l  OKM  AI  lON 

As  \t>u  know.  \w\\\  i.iys  ciniiiKito  lioni  all 
points  on  M\  ohK\i  jml  |>t\ss  lluougli  a  positive 
lens  \k)  a  pi.inil  cv)n\uyA'!K'c  holiind  the  lens, 
riiijv  Yu'>int  is  v.jlk\!  Ihc  nuaj^e  point  when  the 
objei.(  IS  at  a  vlisfance  Luvaier  than  the  focal 
lenj-'.lh  ot  iho  l^-ns 

f  v)ok-  ;t|^rtuv  :\\  {jv.ttK'  tv>  s^c  l\ow  the^lttws 
r>l  "icti a^  hon  nKi\  bo"  api^heil  to  plot  the  path  of 
an\  h:^hl  \\\\  lluoueh  any  tyj^e  of  lens.  Then, 
stiKl\  li'-Mir  4-10  \shKli  sliows  how  light  rays 
■pas>  (l\iouvM5  a  oMiXeri^.eiU  lens  atul  converj^e  at  a 
poinl. 

Milhons  <)!  liL'hl  Tvivs  may  eoine  Iron)  every 
ponu  ot  hj\ht  Oil  an  olMoet.  hut  in  figure  4-10  we 
use  onl\  lluco  siu  j  !a\s  16  show  how  they  J^ass 
thr^>ui:h  a  ootnerucnt  Ions.  As  you  learned 
prcviousK  \\\  this  clKiptor.  tiio  light  rays,  which 
strike  a  oon\v.*!i!.on(  Ions  on  either  side  of  the 
optical  axis,  ivlract  to^wartl  the  thickest  part  of 
the  lens,  and  ivlVac!  furtlior  when  Ihey  emerge 
from  iL  As^  shown  m  (he  illustration,  tliey 
oonveri'c  loa-smulo  point. 

A  helit  ra\  tluit  passes  along  the  optical  axis 
(luondTa  Ions  dpos  not  hcnd  because  it  strikes 
the  surlaoosoi  iho  Ions  a(  (he  normal. 
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Figure  4.d.-Application  of  the  law  of  refraction  to  a 
divergent  lens. 


ystuily  figure  4-IO-carcfuIly.  IMie  central  ray 
ifisses  throuidi  tlie  optical  center  of  the  lens  and, 
even  though  it  is  not  on  the  optical  axis,  doos 
not  deviate.  Any  ray  of  liyht  passing  Uirougli  ti\c 
optical  center  of  a  lens  will  actually  be  offset, 
but  the  deviation  is  so  sliglil  it  is  ignored. 

Part  A  of  figure  4-10  shows  how  three  ray» 
of  light  from  object  I*  are  refracted  to  reproduce 
(hat  point  on  tlie. image  :l ,  IWery  point  on  tlie 
ol^ject  forms  its  pfcint  of  ligiu  on  the  image  in 
the  same  manner. *Rays  from  the  object  form 
poifits  of  light  on  the  corresponding  imagli 
which  is  transposed  diametrically  and 
symmetrically  across  the  optii^al  axis  from  the 
object.  This  image  is  real,  inverted,  reverted^  and 
diminished. 

Principal  Light  Rays 

Refer  to  the  four  princip^^l  rays  of  light  in 
figure  4-1  L  These  rays  are  used  to  plot  image 
formation  in  any  l^ps,  thick  or  thin.  When  these 
light  rays' pass  through  a  lens,  tliey  ALWAYS 
follow  detlnite  rules.  Lijie  XY  in  the  illustration 
is  the  optical  axis  of  the  lens.  Notice  that  rays  A, 
B,  C\  and  D  do  not  tbllow  the  law  of  retraction 
as  shown  in  figure  4-8.  This  is  done. to  simplify 
plotting  image  formation  and  to  illustrate  that 
efctraction  appears  to  take  place  in  a  Ivmis  at  the 
principal  plane  (dotted  line  perpendicular  to  the 
optical  axis). 

LIGHT  RAY  A.  -Any  incident  ray  passing 
through  the  optieal  center  (O  in  figure  4-11)  of  a 
lens  and  enlerging  from  the  lens  without 
deviation  f  rom  the  path  it  was  following  before 
entering  the  lens.  ^ 

^^IGHT  RAY  B.-- Any  incident  light,  ray 
w(uch  travels  parallel  to  the  optical  uxi$v  of  k\ 
lens,  strikes  the  lens,  and  ts  refractenL' to  ^the 
.  principal  focal  i^oint  Fj  behind  the  lens. 

LIGHT  RAY  C.-Any  ray  which  .passes* 
through  the  principal  focal  point  F| ,  strikes  the 
lens,  is  refracted,  and  dmft-ges^ parallel  to'  the. 
optical  axis.  NOTE:  Tlie  C  ray  is  opposite  of  the 
B  ray .  .... 

-  '  Light  RAy  d!- Any  'ray  which  {masses 
through,  a  point  two  focal  lengths  . in  front  of  a 
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lens,  strikes  the  letis,  is  roOactetl,  aiul  converges 
to  a  point  two  local  lengths  behind  the  lens.  In 
accordance  witli  the  Law  of  Reversibility,  this 
ray  all  other  rjiys)  could  be  ivverscd  in 

diroctio!!. 

The  lour  principal  light  rays  just  discussed 
can  travel  to  the  lens  tro,ni  any  angle  as  long  as 
tliey  follow  the  rules  which  pertain  individually 
to  thein. 

Positive  Lenses 

When  an  ohjecl  if;-  at  a  great  distance 
(inlinity),  incident  rays  of  light  from  it  are 
parallel  and  the  image  is  real,  inverted,  reverted, 
and  diminished;  the  image  is  formed  by  the  light 
rays  at  the  secondary  focal  point. 

If  tiie  object  is  at  a  distance  beyond  two 
focal  lengtlis  but  less  than  inlinity  (llg.  4-12),  a 
real,  inverted,  reverted,  diminished  image  is 
formed  between  the  secondary  focal  point  and 
2F  on  the  opposite  side  of  the  lens.  Note  the 
size  of  the  image  in  figures  4-12  through  4-17  as 
coiTtpared  to  the  object.  When  an  object  is 
brought  closer  to  a  lens,  the  images  formed 
become  larger  than  images  formed  by  the  object 
at  greater  distances  from  the  lens. 

In  figure  4-13  you  see  an  object  placed  two 
focal  lengths  in  front  of  the  lens.  The  image  the 
lens  forms  of  this  object  is  real,  inverted, 
reverted,  equal  in  si/.e,  and  located  at  2F  on  the 
other  side  4j(  the  lens. 


Wheji  an  oHject  is  at  a  distance  between  one 
and  two  focal  lengtlis  from  a  lens,  as  illustrated 
in  figure  4-14,  the  image  is  real,  inverted, 
reverted,  and  larger  than  the  object,  and  at  a 
distanle  of  3F  on  the  other  side  of  the  lens. 

Figure  4-15  shows  an  object  at  the  principal 
focus  of  a  lens;  the  emerging  light  from  the  lens 
is  parallel  and  therefore  cannot  converge  to  form 
an  image,  Ihe  image  in  the  Illustration  is  in 
transition  at  infmity.  A  searchlight  is  an  example 
ol  this  type  of  image  formation. 

When  an  object  is  closer  to  a  lens  than  the 
principal  focus,  divergence  of  the  incident  light 
is  so  great  that  the  lens  cannot  converge  or  make 
it  parallel.  The  emerging  light  from  the  lens  is 
merely  less  divergent  than  the  incident  tight,  and 
the  rays  appear  to  come  from  a  gi\Miter  distance 
than  the  actual  distance  of  tfie  object.  See  figure 
4-16.  Tiiese  niys  appear  to  converge  behind  t<ie 
object  to  produce  an  erect,  normal,  enlarged, 
♦  and  virtual  image  located  on  the  same  side  of  the 
lens  as  the  object. 

From  this  discussion  of  images  created  by 
objects,  you  will  understand  that  (1)  as  you 
move  an  object  closer  to  a  lens,  the  image 
created  by  the  object  moves  away  from  tlic  lens, 
and  (2)  it  becomes  increasingly  larger  as  it 
moves.  When  you  move  the  object  to  the 
principal  focal  point  of  the  lens,  the  image 
becomes  virtual  and  is  formed  at  infinity.  When 
the  object  is  located  between  tlie  principal  focal 
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Figure  4-13..Po.Jt»on  of  .n  Jm.g.  forM.d  by  .  cony.r9«it  l.n.  when  the  obj«:t  i.  .t  .  dl.fnc  equal  to  twJc.  th. 
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l^igura  4-16.-Fofm«tion  of  a  virtual  imaga  by  a  convex  lani  when  the  ob'fcX  is  closer  to  the  lent  than  the  focal  point. 


point  and  the  lens,  the  lens  becomes  a 
magnifying  glass. 


Negative  Lenses 


The  point  of  principal  focus,  focal  points, 
and  focal  planes  resulting  from  the  nearness. of 
an  object  or  light  source  to  a  simple  divergent 
lens  are  located  on  the  side  of  the  lens  toward 
the  liglit  source  or  object.  Tlie  point  of  principal 
focus  and  other  focal  points  are  located  where 
the  emergent  rays  should  intersect  on  the  optical 
axis  if  they  were  extended  backward  as 
Imaginary  lines  toward  the  side  of  the  lens  on 
which  the  light  strikes.  Review  figure  4-5  for 
•terminology  pertaining  to  a  simple  divergent 
lens. 

If  y^u  use  a  page  of  this  book  as  an 
object-at  arm*s  length-and  look  at  it  througli  a 
divergent  l^'ns,  this  is  what  happens: 


1.  When  the  lens  is  in  contact  with  the  page 
(dbject),  the  image  you  see  is  erect,  normal, 
virtual,  and  slightly  smaller  than  the  object. 
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2.  If 


you  move  the  lens  away  from 
page,  the  image  becomes  even  smaller. 


the 


3.  When  you  have  the  lens  quite  close  to 
yoUr  eye,  you  can  see  only  a  blur,  regardless  of 
the  position  in  which  you  hold  the  object. 


Refer  to  figure  4-11.  Notice  thai  (ho  B  ray 
and  A  ray  were  used  to  p|ot  image  format  ion  in 
positive  lenses  discussed  previously.  Those  two 
rays  were  also  used  (o  plot  the  virtual  images  in 
figure  4- 1 7. 


To  see  how  a  negative  lens  fuuftious,  refer 
to  figure  4-17.  the  three  arrows  (O^,  Oj,  O,) 
on  the  optical  aj(is  represent  a  far,  intcnnediate. 
and  close  object.  The  ray  of  light  parallel  to  the 
optical  axis  is  common  to  all  three  arrows,  and 
separate  rays  are  drawn  from  the  arrows  to  pass 
through  the  optical  center  of  the  lens.  The 
dotted  line  is  an  extension  of  the  emergent  ray. 
Arrows  I, ,  I, ,  and  I3  show  how  objects  O, ,  . 
and  Oy  would  look  if  you  were  observing  them 
through  the  lens. 


CYLINDRICy^  LENSES 

A  cylindrical  lens  is  an  optical  element 
whose  surfaces  (one  or  both)  arc  portions  of  a 
cylinder  rather  then  being  ground  as  a  portion  of 
a  sphere.  See  figure  4-18.  Cylindrical  lenses  can 
be  positive  (A)  or  negative  (B). 

Tlie  positive  cylindrical  lens  converts  a  point 
source  of  light  (O  in  figure  4-I8A)  into  a  narrow 
line  of  light.  This  is  useful  in  some  optical 
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instrumrnts  as  i\n  indicating  mark.  The  negative 
cylindrical  lens  converts  a  point  of  light  into  a 
broad  band  4)(  lesser  intensity.  This  lens  is 
sonletlmes  used  to  provide  illumination  using  a 
•  small  light  bulb. 

Positive  and  negative  cyhndrical  lenses  are 
often  used  in  eyeglasses  to  correct  vision  defects 
(discussed  later  in  the  chapter). 

SPHERICAL  MIRRORS 

"*  -■■  — .. 

You  perhaps  have  been  at  an  amusement 
park  where  a  building  designated  as  *Tun 
House''  used  curved  mirrors  to  make  you  look 
ridiculously  tall  or  disgustingly  fat.  Convex 
rear-view  mirrors  are  also  used  on  automobiles 
and  trucks  to  give  the  drivers  a  wide  view  (field 
of  vision). 

A  spherical  mirror  either  converges  or 
diverges  light.  A  positive  (convex)  mirror  will 
diverge  liglit  striking  it,  and  a  negative  (concave) 
mirror  will  converge  light  to  a  focus. 


Concave  Spherical  Mirroni 

It  is  important  at  this  time  that  you  learn 
the  terms  pertaining  to  a  concave  mirror.  Refer 
to  figure  4-19  as  frequently  as  necessary  duripg 
your  study  of  the  following  disc\ission. 

^  The  degree  of  curvature  of  a  spherical  mirror 
varies  acconlittg  to  the  purpose  for  which  it  is 
intended.  The  procedure  for  making  this  kind  of 
mirror  must  be  by  a  specific  formula. 

Line  CV  in  figure  4-19  is  thq,  radius  of  the 
size  of  a  circle  needed  to  produce  the  reflecting 
surface  of  the  mirror,  Point  F,  the  focal  point  of 
this  mirror,  is  located  hatfway  between  the 
center  of  curvature  C  and  the  mirror  surface  V. 
Parallel  light  rays  A  and  B  strike  the  mirror 
surface  and  converge  to  a  common  focus.  The 
normals  at  the  points  of  incidence  are  quite 
simple  to  accurately  locate  since  they  are 
nothing  more  than  the  radius  of  the  circle  used 
to  construct  the  mirror. 


Figur*  4-19.--Conttruotion  of  •  concav*  mirror. 
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FIgMrt  4-20.-Potition  of  imig*  formed  by  «  conca»e  mirror. 
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To  luulcrstaiKl  how  images  are  formed  iiiulor 
a  variety  of  situations  using  a  concave  mirror^ 
refer  to  figures  4-12  through  4-16/rhen  study 
figure  4-20.  It  should  soon  be  obvious  that  a 
concave  mirror  affects  light  rays  just  like  ft 
positive  lens. 

To  understand  the  in^iges  formed  by 
concave  mirrors  illustrated  in  figure  4-20,  first 
ft^view  ftgure  3-6,  whttrh  shows^  Irow  to  compntc 
objects  and  their  corresponding  images. 

Concave  mirrors  will  form  real  im;iges  under 
most  circumstances,  but  you  must  remember  wc 
are  dealing  with  rellected  light  rather  than 
refracted  light.  Therefore,  when  an  object  is 
located  beyond  the  center  of  curvature  of  a 
concave  mirror,  t!K*  itiiage  attitudes  wilt  be  real, 
invvHed,  normal,  and  diminished  (fig.  4-20B). 
As  the  object  moves  closer  to  the  mirror,  the 
image  si/e  increases  but  image  attitude  remains 
the  same. 

When  the  object  is  located  at  the  focal  point 
(fig.  4-20H),  no  image  is  Ibrmed  because  the 
reflected  liglU  is  parallel. 

With  the  object  located  between  the  tbcal 
point  and  the  mirror  surlace,  the  image  will  be 
virtual,  erect,  reverted,  and  enlarged. 

(bncave  spherical  mirrors  are  used  in 
reflecting  telescopes  which  will  be  explained  in 
chapter  5,  They  arc  also  used  as  reflectors  for 
most  external  automobile  lights  and  flashlights. 

Parabolic  Reflectors  « 

The  image  formations  illustrated  in  figure 
4-20  represent  ideal  situations  winch  seldom 
exist/ 

If  a  very  small  luminous  source  is  located  at 
the  principal  .„point  of  focus  of  a  concave  . 
spherical  mirror,  light  rays  are  almost  parallel^ 
after  they  rctlt^ct  from  a  mirror-provided  the 
curvature  of  the  mirror  is  very  slight.  The  rays 
actually  have  a  slight  convergence,  particularly 
those  reflected  neat  the  edges  of  the  itxjrror  (fig. 
4-2 1 ).  For  this  reason,  a  parabolic  mirror  is  used 
whenever  parallel  rtMlected  rays  are  desired. 

Stufty  figure  4-22.  A  parabolic  mirror  is  a 
concave  mirror  wTtli  the  form  of  a  special 
geometrical  surface-a  paraboloid  of  revolution. 
Ugbt  rays  which  emanate  from  a  small  source  at 
the  focal  point  of  a  parabolic  mirror  are  parallel 
after  they  reflect  fnotn  its  surface, 
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Figurt  4  21.-Convtrg6nce  of  light  rayi  produced  by  a 
point  lource  of  light. 
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Figure  4  22.-ParaMel  light  produced  by  a  point  tourca. 


The  source  of  light  (usually  a  filament  or 
arc)  is  located  in  the  principal  point  of  focus, 
and  the  rays  diverge.  AM  rays  that  strike  the 
parabolic  mirror  (except  those  which  are 
diffused  or  scattered)  reflect  from  the  mirror 
nearly  parallel  with  each  other,  thereby 
providing  for  the  formation  pf  a  powerful  beam 
of  light  which  diverges  only  slightly. 

Convex  Mirror  ^"^n^^ 

Study  figure  4-23,  which  shows  three  objects 
(arrows  Ot ,     ,  and  O3 )  of  the  same  size  but  of 
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P'tqiktt  4-23.-lma^i(e^ormation  by  a  convex  mirror. 
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different  \listances  from  a  convex  spherical 
mirror.  The  ray  of  light  which  passes  along  the 
tips  of  the  three  arrows  strikes  the  mirror  and  is 
retlccted  in  the  manner  indicated  by  arrow  AF. 
The  dotted  extension  of  this  line  behind  the 
mirror  contacts  the  optical  axis  at  the  focal 
point. 

Rays  of  liglit  from  the  three  arrowheads  to 
the  center  of  eurvature  locate  the  virtual  image 
positions  |>roduced  by  the  three  arrows.  Object 
O,  crt^ites  1 1 ,  and  so  forth.  Note  that  tlie  size  of 
the  image  is  larger  when  the  object  which 
formed  it  is  moved  nearer  to  the  mirror,^  but  an 
image  can  never  become  as  large  as  its  object. 

As  yon  can  see,  these  images  are  virtual, 
reverted,  erect,  reduced  in  size,  and  located 
behind  the  mirror  between  the  principal  focus 
and  the  surface. 

The  radius  of  curvature  of  a  convex  mirror  is 
negative  \m\  the  image  is  always  virtual.  The 
focal  letigth  (F)  and  the  image  distance  (D|)are 
therefore  negative  quantities. 


LFNS FORMULAS ^ 


So  far  in  this  c4iaptcr,»  we  have  been 
concerned  primarily  with  clexribing  lenses  and 
spherical  mirrors  and  how  th«y  form  images.  At 
this  point,  we  will  discuss  the  formulas  that  are 
used  to. determine  focal  length,  magnification, 
image  size,  image  distance,  object  size,  object 
distance,  magnifying  power,  dioptric  strength, 
and  relative  aperture. 


FOCAL  LENGTH 


We  have  previously  discussed  a  way  to 
approximate  the  focal  length  oj"  a  convergent 
lens  by  measuring  the  distance  from  the  lens  to 
*the  real  image  formed  with  an  object  at  infinity. 
The  relationship  between  the  unage  and  the 
focal  lengtli  of  a  lens  is  expressed  in  a  formuhi 
called  the  lens  law. 
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it  is  oil  the  snino  side  of  the  kiis  .us  the  objeot^^, 
likewise,  the  inmge  distance  (1),)/  is  negative- 
CJiveii.  an  ohjecn[l)^,.)  ol  2  inches  and  n  focttl 
length  ot  -2  inches,  Inul  Dj. 


D,,  =  [>isf  anv-f  of  ohject 

.  .  l>i  =  pittance  of  ijiuige 

■  h  \you  itave  a  Iei\s  with  a  focal  length  of  4 
inches  and  the  object  I's  at  infinity  («>),  you 
would  substitute^  ■  Ml'  the  Ibllowing  manner. 
NOTK:   when   the  distance  of  the  object  is 

infinity  (oo)_      is  consideretl  as  0. 


:  2  I) 


D,  =  4  in. 


Thus,  yoii  luivo  just  piovoi)  that  with  an  o()joct 
at  intnnty  the  local  length  of  the  lens  is  the 
same  as  the  image  Jistanee. 

X 

Cnlciilqtiiig  ' 
Image  Pasition 

Now  use  the  lens  ibnniila  to  calculate  the 
positions  ot  the  image  in  figure  4-12,  Assurtie 
that  F  =  2  inches,  D^,  ^  5  inches  and  substitute 
in  the  lens  law. 


1=  M 

2    5»  I). 


51),  ---2D+  10 


3Dj  =  10 
.     D,  =3.33in. 

Now  try  the  formula  on  a.  situation  like 
figure  4-16.  Remember,' th/ image  is  formed  on 
the  sarfie  side  of  the  lens  as  the  object,  therefore, 
the  image  distance  (D,)  wiir  be  negu.tive. 
Substitute  your  own  tjunibers  for  F  and  D„  and 
see  what  happetis. 

When  .y.ou  work  with  a  negative  lens  (fig. 
4-17),  you  nyjst  -  deal  with  two  negative 
quftnttties.  The  focal  length  (F>  is  negative  since 


-I  ■ 

^  rUl'  image  distance  tor  arrow  Q2  in  figure  4-17 
is  -I  in.  .    ■  /  * 

I  he  lens  law  lonnula  will  work  tor  any  lens 
or  mirror,  positive  qr. negative,  ai^  U^ng  as  yoii 
Hnow  two  of  the  three  terms  of  the  formula: 
You  .also  must  reniciiiU?r  under  .  which 
conditions  the  local  length^and  image  distance 
are  negative  to  obtain  a  correct  $olUt,ion.  When 
your  figtnes  are  cQrrect,  you  determine  image 

-distance  to  be  a  negative  quantity,  the  hnage  is^ 
virtual,  (See  the  two  previous  examples). 

MAGNIFICATION  \ 

Magnification  is  the  apparent  cnjargcment  ttf 
an  object  by  an  optical  elctiient.  Ypu\'gi)  jnore 
easily  tinderstand  -ttiagnificition  if^oiUc6jVsid«r- 
a  single  positive  lcns  useU>».{i.sinrple  magnifier. 

-  A  positive  lens  works  i^s  a  magnifier  because 
it  m^ikcs  the, light  rays  subtend  a  largef  angle  at 
your  eye  than  j,s  possible  witl<  tlie  unaided  ©ye. 
Figure  4-24  illustrates  an  object.tviewed  byfan 
unaided  eye  (A),  ayd'an  object  Yi«?wed  through  a , 
magnifier (B).  ;   ,  s. 

The  amoutft'  o^  uiagnification  apparent  in 
dealing  with  lenses  or  rt)irrors  depends  on  image 
and  object  size  and  image  and  object  distance. 
The  form uht  is  expressed  as: 

M  =  ^  or  M  =  pT-- 

To  understand  the  lens  law  formula  and  the 
formulas  dealing-  with  magnification,  yow  can 
actually  draw  the  examples  presented  next.  If 
your  drawings  are  accurate  and  if  you  use  the 
principal  rays  4l^ling  with  image  formation 
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FUjure  4-24 -Objfect  viewed  yvith  the  unaided* eye  and 
^      through  a  magnifier. 

"propvi  ly^  ,<rig.  4-1  h.  you  can  prove  that  tho 
rornuila '^orks.  *  .  ,  '  .  '  . 
•.^  Draw  a  coim-rgcnt-  k»ns  tHat  is  3  inclics  liigli 
;}iul  iisx-  iloltod  hnos-  to  show  t\\c  optical  axis  ami 
tho  principal  piano  Next,  moasiiro  oli  2  inches 
along  thc\a>H^  on  each  sitle  pf"  tho  optical  center  . 
atut  mark  tlioni  witlH^tho  loiter  "F^"  to  Vemintj 
you  that  thoyaro  tho  tocal  points.  Now,  draw  an 
arrow  I  inch  hi^'ii  with  its  tajj  on  tho  optical  axis 

*aiKl  placed  3.  inches  to- .the  left  of  the  principal 
|>iane.  '        '     •  ^ 

'To  liiul  tho  irtu'igoj)!"  tho  arrowhead,  draw  a 
ray  Ironrtlie  arrowhead  to  the.|)rincipal  plane  of 
tho  lotis.  and  make  the  ray  parallel  to  the  o|)tical 
axis.  What  ilO  we. know  about  rays  parallel  to  the 
OptJIcal  axisVj  We  know  that  thoV  bend' as  tiiyy 
pass  througivnho'len.s.  and  qfter  'tifey  roaYe^he> 
Ions  theV  .pass  (iiroiigl\  the  .pi^incipal  focal  pbn\V- 

^<3n  the.  ot'Iicr'side.  iFrOm  tiie  i^omt^whore  your  ' 
'first  ray  moots  tlio  principal  plane,  il  will  pass,, 
through,  the  second  fpcal  point.  So  add'  that  ' 
refracted  ray,  to  your  drawing.  We,  krioA'  that  the 

•  fnr-age  of  the  arfowhead  is  sOinewh^Ke-dong  that 

l^row.  lor  your  other  ray  us(5  the  Qne-  that 
passe.^.througli  tbt^ first  fqcat  pouit.  Draw  a  ray 
froin-^he  arrowheiad  'tlirougi^  the  first  .foe aj ' 
poiilt.  anthcontimi(v^  the  ray  until  it  meets  the 
principal  J>i^ne  of  the  lens.  (If' tpis  Ijne'goes 
below  vthe  lens^u  have  drawn,^  ddp't  jVprry 
abott;  it.  This  t).lotting  ,  metlit#^.  wili".  "W&rk 
anyway.  Just  cDntiriue  Ihci^line'  that  represents 


tho  principal  plane  until  it  meets  the  ray.)  What 
do  we  know  about  rays  pas'sing  through  the 
ijt)cal  point?  Wo  know'that  they  bend  when  they 
pass  through  the  lens,  and  that  they  emerge 
parallel  to  tho  ;rkis.  So.  from  the  point  where 
your  second  ray  meets  the  principal  plane,  draw 
tj^e  refracted  ray  on  the  right  side  of  the  lens, 
ii Htl  mttke  -it  paiHillel -to  iis  opt ical  :rxisT-Tlrc- 


iniage  of  the  arrowhead  is  at  the. point  where 
tjiat  ray  crosscs  the  first  one  you  drew.  • 

There  is  anotlior  ray  you  can  plot,  if  you 
want  to..  Any  ray  passing  through  the  optical. 
Venter  of  the  lens  wilT  bo  refracted,  at  each 
surface  (unle«  the  ray  is  traveling  along  the 
axis).  But  the  \n)  refractions  will  be  equal,  and 
tiioy  .will  bo  in  o|7posite  directipn-s.  Tor  a  ray' 
passin^t.  through  the  *optical  cenji.er,  the  total 
deviation  is  zero.  When  plotting  itmges,  you  can 
,  draw  any  ray  that  passes  through  the  optical 
center  of  a  lens  as  if  it  went  througli  the  lens  in' a 
straight  lino,  Now,  add  this  third  ray  to  your 
drh^ci/ig:'  Draw  a  line  from  the  arrowhead  to  the. 
"Pl^<^'*^,€|yiit<-''".       continue  it  in  a  straight  line* 
On  thC;';^')#r  side  of  the  lens.  If  you  have  mad6 
^ir  ilrawing  carefully,  all  three  riiys  will  meet 
^at  the  image  point. 

You  have  found  the  image  of  the  arrowhead. 
>Sf)U  kno\y.  of  course,  that  thc^ Image  of  the  tail 
is  on  th/  optical  axis,  because  rays  traveling 
along  the  axis  are  not  refracted.  Since  the  iirrow 
is  at  u  right  angle  to  thclwis",  the  image  will  be  at 
i\  right  angle  tg^^fho  a'xiL  tc^o.  So,  draw  a  ifte 
V  irom  the  imaj^'lof  the  Arrowhead  to  the  a*is,J 
,  and  there  "^is  <]jf^ur  image,  of  the  arrow.  Your 
drawing  shoukWpok  like  figure  4-14.       '  "  . 

If  you  Ird'veymade  the  drrfwiijig  cfirefu|.|y,.you 
can  use  ir  to  j^heclc  the  formubs  for  h^iage  «ize 
ai1d  distance.  In  the  d rawing, ^you  have  object 
i  inch  high,  3  inches  from  a  lens  oif  2-inclV focal 
Jength.  Use' the  lens  Jaw  to  hnd  the  iniage 
dist'iiiicc.  Tl\e  foriinila  is'.  ' 


1  = 

■    2    3-  Di 


3Di  =  2Di  +6'  V 
Dj  =  6 


> 
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In  tlie  ciniwing,  tho  image  shouk!  be  6  inches 
from  tlie  Ions/  Measure  to  see  if  it  is.  Hold  the 
ruler  on  the  optical  o^is,  or* parallel  to  the  axis, 
and  measure  (lie  distance  from  the  image  to  the 
■principal  plane  of,  the  lens.  The  more  careful 
your  drawing,  the  closer  tlie  distance  will  he  to  6 
niches.  '  .  f 

-  -  Nmv  mc  rhi^  same- drawing  To  "click"  tliF 
formulas  for  magnification.  Tl\e  formula  isr 


M  - 


l>, 


^3 


M 


The  "image  is  twice  tlie  si/.e  of  the  object. 

Now  use  the  -other  formula  for 
magnitic;ution. 


M  - 


S. 


<;ubstitu(c   •  .  2 

•  fir 


s. 


s. 

r 


Again,  the.  image  is  proved  to  be  twicp  the  si/,e  ' 
of  the  object.  Therefore,  the  magnification  is  2.  • 
, ,  Now,  try  it  again.  Use  the  same/ocal  length, 
2  inches,  but  this  time  put  the  arrow  4  incl\e«to 
the  left  of  the  principal  plane.  Thi.s  tinle  makp 
the  arrow  2  inclies  loug.  To  locate  thfe  iimige, - 
tnul    the   point  Jhnt   is  Jhe '  image  of  the- 
arrowhead,  and  then  find  the  point , that  is  the 
image  of  the  tiiil.  When  yon  connelt  the  two, 

,.there.is  the  image  of  yOur  arrow.  Remember,  for 
each  poitft  there  are  three  different  rays  ydu  can 
plot-' Any  two  of  them  will  loca-te  th6  image. 
U^e  whichever  two  rays  are  most  converflent  for 
you.  When  you  have  finished  your,  drawing,  it 
should  look  something  like  figure  4-13. 

^•  Use^4+fe  lens  iJiw^  formula'to  determine  image 
distance,  then  Use  the  liwo^  f9fmul»s  for 
magnification.  If  yoiir  work  is  correct,  theinlage 
is  the  same  size  as  tlH'object.  Consequently,  the 
magnification  is  I .        -      =  ^  •  , 


The  formulas  lor  magiiiticalion  will  work  for 
any  situation  dealing  wilh  image  tomialion,  even 
negative  len.ses  or  conc;ivc  min'ois.  All  you  have 
to  do  is  I'emeniber  wljich  silualions  involve 
negative  focal  k-iigth  or  ima;.:c  clis(;iiice.  ' 

Just  for  practice,  construct  some  .exam pie;? 

 lil^i-'  4-1. ^  4-16,  amj  4-17^  inul  solve,  for. 

magnification.  '  " 

So  far.  we  have  talked  about  objocts  a  short 
distance  outside  the  focal  poml  of  (ho-  lens. 
Before  going  on,  let  us  work,  out^a  nior<J 
'  ji->rai:rical  probk'm.  Suppose  you  are  looking -at  a 
ship  througii  a  telescope.  The  (^rective  lens  of 
your  telescope  (tlic  one  in  front  fNie  one  nearest 
the  object)  is  a  convergent  IC-ns.  Assume  that  the 
objective  Fens  lias  a  focal  length  of  10  inches  and 
^    that  the  shi|>  you  are  lookinji  at  is, 200  yards. 

■  long  and  is  5,000  yards  from  yoin- 'tercstope. 
Tht^u  how  far  from  the  objective  lens  of  the 
telescope  is  the  image-  of  the  .ship?  And  how  long 

■  Is  the  image?  Before  you  can  substitute  in  the 
>,lo|;mula,  you  m,ust  get  all  the  distances  in  (he 
s'jnne  units.  Since  you  want  the  answer  [6  be  in 
h^ches.  you  must 'convert  the  oth«r  units  into-f 
inches.  The  ship  is  200  X  36  inches  longjlir  \ 
7.200' inches  long:  Its  range  is  5,000  X  36,  or 
170^000  inches:  Now  use  the  i  lmis  law. 

.^solye  f^r-        .        '  ~      -        •     "    '     ^ ; 
JljppO     =^D,  +  180,000 
^  ^1 7,999  Dj  =180,000  '  '  I 

■ "        D,     1 0.0005  in:  ' 

*  »-. 

i 

The  distance  of  the  imagp  is  just  a  trifle  over 
.10  inches.  Anil  the  focal  Icn'^th  of  the  lens  is  lO 
Nnches.  So  you.  can  see  that  thejniage  of  a 
distant  object  fs  practically  in  the  principal  focal 
plane.  '         "  »  » 

'     Whatrabout  the  size  of  the  image?  You  know 
.  the  o^jfect  Is  7,200' inches  long,  so  you  can  use 
the  formulas  Tot:  riiagnification  to  determine  the' 
size  of  tjje  iinagt,        '  *  * 
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therefore 


M 


I). 


D,  S, 


10 


solve  for  S| 

180,000  S,  =  72,000 


magnifying  power  is  thd  PRACTICAL  LIMIT 
OF  MAGNIFICATION. 


I  V 


Wlicrn  computing  the  nvag[iu()^ing  power'of  a 
lens,  the  formula  is 


MP 


10  inches 


IL  inchcH 

If  you  Imve  a  lens  with  5  inch  fL,  the  MP  wilfbe 


MP  = 


10 


c  ^  72.000- 
1 80.000 


.4  inches 


You  may  not  believe  that  an  image  only  .4' 
inch  long  is  practical,  but  yon  ,are  using  a 
telescope,  so  the  small  image  will  be  rrtagnified 
by  an  eyepiece. 

MAGNIFYING  POWER 

To  understand  magnifying  power,  first  recall . 
how  an  optical  element' affects  the  size  of. an 
image.  As  you. know,  image  size  depends  on 
fot!,al  length,  object  size,  .and  object  distance. 
The  focal.  %ngth  of  any  paVticuI^r -optical 
element  is.  consUnt,  btl^mpi age  size,  depending 
on  object  distance;  is  variable.  An  image  can  be' 
any  size  from  a  mere  point  of  lijjht.up'to  one  so 
large  that  there  will  not  be  .enough  light  tq 
reproduce  the  image  dfstin^tly.  " 

When  you  want  to  niake  an  pb^ct  appear 
larger,  you  can  either  use  a  magnifying  lens  or 
move  the  object  closer  to  your  eyes."  If  you  brinTjp 
objects  closer,  your  eyes  must  accommod^ile 
constantly  (change  refractive  power)  for  you  to 
clearly/focus  on  the  object.  There  is  a  limit  to 
how^otofc  an  object  can  be  and  still  allow  clear 
'  X'S'Qj*'   This  minimunf  distance  is  generally 
,  considered  to  be  10  inches  and  is  called  the 
c  distance  of  distinct^iJi^n. 

Magnifying  power  V,  therefore,  a  constant' 
factor  depending  on  how  an  object  or  image  win 
appear  if  it  is  Examined  from  a  distance  of  10 
ihcnes.\  Thus;  for  an 'optical  ^lement^  the 


MP  =2. 

Since  most  lens  computations  use  the  metric 
system,  always  remember  to  convert  10  inches 
to  the  same  metric  unit  used  to  express  fL. 


LENS  DIOPTER 


A  lens  diopter  (generally  called  diopteo)  is 
the  unit  of  measure  of  the  REFRACTIVE 
POWER  (dioptric  strength)  of  a  lens  'or  a  lens 
^system".  It- is  based  on .  the  metric  system  of 
measurement  and  is  directly  related  to  focal 
length.  -*  . 

A  lens  wjith  a  focal  length  of  I  meJr  has  the  J 
Fefractive  " power  of  !' diopter.  Study-  fifeure  4-25;  \ 
The  refractive  power  of  a  converging  lens  is 
positive;  the  refractive^ power  of  a  diverging  lens 
is  negative. 

'  ,  The  refractive  power  of  lenses,  which  do  not 
have  focal  lengths  of  I.  meter,  is  the  reciprocal  of 
the  focal  lengths  in  meters,  and  varies 
inversely  as  the  focal  lertgth.  This  meims  that  a 
converging  lens  with  *  a  focal,  length^  of  20 
centimeter  (1/5  meter)  has  a  power  of  +5 
diopters;  whereai,  a  diverging  lens  with  a  focal 
length' of  50 ,  centimeters  (1(2  meter)  has  a 
power  of  -2  diopters.  The  lens  with  the  shortest 
focal  length  has  the  gfeatest  positive  ^r  negative 
dioptric  strength. 

To  find  the  dioptric  strength  of  aiens  with  a 
focal  length  of  25  centimeters,  use  the  foUiowing 
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Figure  4-25.-Leni  diopter. 
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formula:  (Rcincliibcr  that  25  centimeters  equals 
.25  meters):  (^''^ 


) 


*  Diopters  =^ J- (in  meters) 

DiofHerS"  meters 

Diopters  =  4  '  ^ 

*  Another  farmula  for  -Hletermining  the 
dioptrie  strength  of  a  lens  when  its  1bcal  length 
is  in  millimeters  is:  - 

.,    '      •  '  -  ■  ' 

Dioptric  strength    =   '^^.■^"."j.'.r^^''.  {"'"'^ 
v-  F  (in  millimeters) 

If  the  fcKtH  len'gth  of  a  lens  is  in  ih.c/ies,  the 
fonniila  is:       *  -  v 

Dioptric  stWh    .  39137  (or  40),TiS»es\: 
-       H(in  inches)      '  \ 


RELATIVE  APERTUR 


The  aperture  of  a  .lens  is  the  largest  Uiamete? 
through  >yhich  light  can  enter  a  lens  to Jorm  an 


image.  The  light-gathering  ability  of  a  lens  is 
-     determined  by:^!)  its  aperture  and  (2)  its  focal 
length. 

Look  at  the  Iciises  in  figure  4-26,  both  of 
'  which  have  the  samV  diameter  but  not  the  same 
focal  length;  The  arrows  on  the  left  (thetJPjects) 
have  the  same  size,  and  both  lenses  receive  the 
same  amount  *of  lig)<t  frpm  the  objects  because 
their  apertures  are  equal. 

'The  bottonn  leiiTs  injhe  ilUistration,  however,  . 
has  a  longer  focah  length  than  the  top  lens  and, 
therefore,  tnakes  a  larger  iinage  of  tlie^arrow  . 
because  the  li^lit  it.  receives  is  spread  over  9/ 
•  larger  area.  Since  the  diameters  of  the  two  Jenses 
are  equal,  the  lens  with  the  shorter  focal  lengi^ 
'  will  form  a  bHghter  image  than  the-len^  with  the 
longer  foc^l  lengt4i,  because  the  light  it  rifceives 
is  concentrated  in  a  smaller  area.  , 

To  find  the  relative  aperture  of  a  lens,  dlvida 
its  focal  len&th  by'its  ai^mettr.  For  example,  thp 
formula  for  finding  the  relative  aperture  of  a 
lens  with  a  diameter  of  2  inches  and  a  focal  ' 
length  of  8  inches  is;  '  • 

Relative  aperture  =  =1=4  ; 


? 
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Figurt  4  26  ~Brighttr  inrMg*  formed  by  thort  focal 
Itngth  Itnt.  ,s  ' 


The  rolative  aperture  of  this  lens  is  theretbre, 
generally  written  &s  f; 4. 

^  Next.  stuJy  figure  4-27  whicli  shows  two 
lenses  with  the  sdme  focal  leogth  but  different 
diaiMeters.  The  larger  lens  at  ,the  top  forms  » 
brighter  image  of  the  object "tfecause  it  has  a 
greater  aperture  than  the  bottom  lens  and 
receiircs  more  light  from  the  object  to  form  the 
image.  ^ 

RELATIVE 

IMAGE  BRIGHTNESS  .    "  . 


Wlien    you    compare    the  light-gatjtering 
ability  of  one  lens  with  another,  co>»sider  the  • 
relative    aperture    (focal    length  4ivide(Lby 
^  "  v  tUanieter)  of  both. lenses.  »  ♦  '    .  li^  .  ■ 

'    ,,  ■  -  '  • 

If  you  have  two  lenses  With  different  reiatiye 
^  apertures,  you  can  tell  which  one  .will  form  t|le 
brighter  image  by  using  a  formula/Suppose,  (6t 
example;  that  ypufiave  two  lenses  with  relative 
apertures  of'f:4  and  f:2,  respe^ively.  If  both 
lenses  hbve  the  same  diameter^  me  focdl  leiigth 
of*he  fr4  lensi  is  tjvice  that  of  the  f;2  lens 
(similar  to/ig/4-26), 


137.96 

F igurt,  f27.-lma||i  brightnttt  incrtiMd  by  enlarged- 
.  lent  aperture. 


If  the-  focal  lengths-  of  .these  two  lenses  were' 
equal,  the  f:2  lens  would  be  twice  the  diameter 
oLUne  f;4  Idns  (^ilar  to  tig.  4-27jr. 

In  both  examples,  the  f:2  lens  forms  the 
brighter  image,,  because  brightness  of  the  image 
is  proportidnal  to  the  light-gathering  abihty  of 
the  lens,  and  the  relative  image  brightness  of  two 
lenses  is  inversely  proportional  tp  the  square  of 
their  relative  apertures.-  . 

The  relative  image  brightness  of  the  two 
lenses  just  coiTsidfered  (f:2  and  f:4).  may  be 
determined  .by  using  the  formula,  as  follows: 

Relative  imaj^  brightness  =        =  4 

This  means  that  the  image  formed  by  the^%2 
lens  is  foui;  times  as  brig^it  a^  the  inmge  tbrfhed 
by  the  f  :4  lens.  1  .     "  - 


■  Suppose  you  want  to  purchase  a  camer^  and* 
have  narrowed  ^^ur  search  down  to  two  models. 
One  has  an  f:  1..9  lens;  the  otjier  hals  a.f  :3,6  lens. 
Which  camera  will  fortij  the*- brighter  image,  and' 
how  much  brighter  will  it  be?  Use  the  formula 
to  find  out. 
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LENS  ABERRATIONS 

An  aberration  is  any  defect  in  an  image 
produced  by  an  optical  system  or  individual 
element.  For  various  reasons,  an  optical  element 
or  system  caiuiot  reproduce  the  true  image  of  an 
object.  Some  aberrations  are  caused  by  erroHi  in 
lens  griiisliiig  or  delects  in  tlie  glass,  others  art^ 
Uue  ,to  the  basic  nature  of  light.  The  general 
types  of  aberrations  are  (1)  chromatic,  (2) 
spherical,  (3)  coma,  (4>  astigmatism.  (5) 
curvatt^e  of  the  field,  apd  (6)  distortion. 

CHROMATIC  Afi^ERRATION  ^ 

You  learned  in' chapter  2  thi»t  when  white 
light  is  refracted. through  a  prism  it  disperses  the 
light  into  rays  6f  different  wavelengths  to  form  a' 
>>pectrum.  Dispersion  also  occurs  in  a  lens  when 
light  passes  through  it,  as  shown  in  figure  4-28. 
Disi^ersion  in  a  len.f  produces  an  optical  defect 
known  as  ^hTomatic  aberration,  which  is  present 
in  every  uncorrected  single  lens,  The  violet  rays 
focus  nearer  tc>  the  lens  than  the  red  rays,  and 
the  other  ray>j  focus  at  itvtermedrate  points.  The 
lens  therefore  has  different  focal  lengths  for 
different  colors  of  light,  and  an  imiige  created  by 
the  lens  is  fringed  with  color. 

Chromatic  aberration  may  be  corrected  by 
proper  spacing  between  lenses  and  also  by  " 
adjusting  the  curvatures  of  the  lenses,  ^ee  part  A 
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of  figure  4-29  which  shows  how  a  portion  of  the 
aberration  can  be  diminished  by  eqXializing  .the 
deviation  at  the  two  surfaces  of  a  lens.  Part  B  of 
this  illustration  sh#ws  how  chromatic  aberration 
in  a  lens  can  be  corrected  by  a  compound  lens, 
one  part  of  which  is  positive  (convergent)  and 
the  other  part  of  which  is  negative  (divergent). 
As  you  learned  earlier  in  this  training;  coitrsc;  5 
lens  with  positive  dioptric  strength  is  made  of 
crown  glass,  and  a  lens  with  negative  clioptric 
strength  is  made  of  fliift  glass. 
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Figure  4-2y.-Corr«etk>n  of  ohromatle  aberration  in  a 


lani. 


On  iC  ALMAN  3  «!t  2 


Si  net.*  crown  gl.iss  is  more  strongly 
convergent  Tor  blue  rays  than  lor  rod  rays  ;u)il 
the  (Iftit  ginss  IS  iiuMv  strt)n^ly  divcrgont  for  bliio 
tays  than  Tor  rod  ryys.  the  high  color  dispersion 
of  the  fliiW  divergent  lens  is  siifneienl  to 
compensate  for  (he  lower  volor  dispersion "ot  the 
crown  convergent  lens,  withoni  complete 
neutraluation  of  its  rerraclive  power.  Note  in 
parf  B  oT  figure  4-20  that  the  two  rays  come  to  a 
focus.  A  compound  lens  designed  in  this  niannor 
•-•J  called  an  achromatic  donldet. 

SPHERIC AL  ABtR RATION 

•Spherical  aberration  is  a  common  laiill  in  all 
siinple  leiKses.  In  a  convergent  lens,  relVaetcil 
light  rays  ttUoiigli  its  center  do  not  intersect  rays 
.refracted  through  otiicr  portions  of  the  lens  at  a 
sin^iJe  point  on  the  optical  axis. 

The  outer  rays  of  .light  in  llgnre  4-3.0 
intersect  the  optical  axi.y  closer  to  the  lens;  the 
rru)rc  central  rays  intersect  the  optical  axis  at  a 
greater  distance  froni»  the  lens.  Failure  of  tlie 
refracted  ray^  passing  througli  the  lens  to 
intersect  the  ^)tical  axis  at  a  central  .point 
causes  a  blurred  image.  The  image  will  be  in 
focus  in- 'the  center  or  at  the  edges,  but  a 
^cdnipletcly.  foe  used*  image  ijl  not  possible. 

Look  now  at  figure  4-31  and  note  the  rays 
of  light  passing  through  , a  diverge nt-lens  and  the 
.  imaginary    extension   of   tlie   rol'ractal,  rays.. 


,     \  ^  137.102 

Fi(|Mr<k  4'30.-St>h«rical  aiMrration  in  a  cpn\/^Brgflnt  lani. 
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Figure  4-31  .-Sptlerical  aberration  in  a  divergent  lens. 


Intersection  of  outer  and  inner  rays  of  liglit  on 
the  optical  axis  of  this  lens  is  opposite  that  of 
refracted  rayjy^from  a  convergent  Icnij.  f 

Tl\c  amount  of  spherical  aberration  in  either 
a  convergent  or  divergent  lens  is  influenced , by 
•  ( I )  thickness  of  the  lens  and  (2)  its  focal  length. 
'  A  thin  lens  with  a  long  focal  'length  has  less 
■aberration  than  a  thick  lens  with  a  short  focal 
length.  " 

One  ^method  of  reducing  spherical 
aberration,  at  the  expetisc  of  light  intensity,  is  to 
test  a  lens  to  find  out  how  much  of  the  area 
arottHd  the  optical  axis  (where  the  lens  is' most 
■free  of  aberration)  may  be  used  to  form- a  sharp 
image.  Then,  use  a  field  stop  to  mask  out  all  rays 
'which  pass  through  the  lens  beyond  this-circle 
(fig.  4-32A).  Nc^e  the  rays  blotlced-fey  the  field 
stop.  Tile  field  stop  is  a  flat  ring  or  diaphragm 
mode  of  metkl.  (Or,  other  suitable  opaque 
/inaksrial)  to  ma^k  the  outer  portion  of  the  lens. 
The  stop  prevents  rays  frtiln  striking  the' lens,  and 
thus  reduces  the  anfount  ot'.ligrvt  which  paS5es 
thrOugli  it.  '  '  '   .-  • 

Spherical  aberration  in  a  lens  can'afeo  Ufl 
minimized,  by  bending, the  lens,  which  ^an^be 
accomplished  by  increasing  the  cury'ature  of  one 
surface  and  decreasing  the  curvature  of  the  other 
surface.  X'^'s  process  retains  the  sanm' focal 
length'  but'  reduces  the  amouiit  of  abemtioii 
(fig.  <J-32B).  litjW^scbpes,  sphericWjlberration  is- 
reduced  by  placing  the  heater  curvarture  ojf.each 


Chapter  4-LENSfeS 


FIELD  STOP 


*  A 

NORMAL 


^      IF  4YjGLE  I  =  ANGLE  e  SPHERICAL 
.ABERRATION  IS  MINIMIZED 

B  I 

13;M64 

FIgurt  4-32.-R«duction  of  i  iph«rlc«l  alMrration  by  ■ 


lens  .toward  the  parallel  rays  to  mjllfe  the 
deviation  of  the  rays  at  each  surface  nearly 
equal.  To  reduce  the  amount  of  spherical 
aberration  to  a  minimum,  the  angle  of 
emergence  of  a  ray  (e)  must  equal  its  an»ie  of 
irtcidertce  (i).  In  k^oeping  with  this  rule,  telescope 
objectives  are  assembled  with  the  crown„side 
facing  forward.  T 
Spheri'c,al  aberration  irt  fire  control 
instrunftrrts,  'is  generally  etiminated  by  a 
t:ompound  lens  (fig.  4-33)^  The  cohcave  curves 
of  the  /divergent  lens  neutralize*  the  spherical 
aberration  of  the  convex  curves  of  the 
convergent  lens.  Proper  refractive  pq,wer  of  the 
compound  lens,  howeveir,  is  retained  by  selecting 
two   single  lenses  with   correct   indices"  of 
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Figure  4-33. -Elimination  of  spherical  abarratM^  by  » 
.  compound  leni. 


refraction  to  form  the  compound  lens.  Notice 
tliat    this   method    oi"  eliminating  spiierical 
aberration  is  quite  similar  to  the  correction  fot 
•  chromatic  aberration.  • 

COMA 

Coma  is  caused  by  unequal  refracting  power 
of  concentric  ring  surfaces  or  various  zpnes  of  4 
lens  for  rays  of  light  which  come  from  a  point  to 
a  distance  off  the  optical  axis.  Rays  from  various 
surface^  come  to  a  focus  at  slightly  different 
-  pointifresttlting  in  a  lack  ojf  superimposition  of 
the  rays.  Cotna  appears  as*  blurring  of  the  image 
for  pointe  off  the  optical  axis. 

^  The  image  of  a  point  of  light  is-foVmed  by  a 
cone  of  light  rays  refracted  through  a  relatively 
wid$  portion  of  a  lens.  For  them  to  form  a 
sharply  defined  point  of  light,,  the  rays  wl)ich 
pass  througlr  the  concentric  circular  zones  (or 
.  tings  of  varying  thickness  of  the  lens)'must  come 
to  a  focus  at  exactly  the  same' place  in  the  focal 
^lane. 

In  a  le^  whichis  producing  com;a,  rays  of 
.light,  originating  "St^a  point  located  -off  the 
V  optical  axi$  and  refracted  through  the  inner  . 
;  zone,  form  a  well-defined  image' of  the  point. 
Rays  refracted  through  the  next  zone,  howtycr, 
fomi  a  laiger,  less  ^well-defiAed  imake  o^the 
^ point  "wlli6h  is  offset  slightly  fropi  the  first.  The 
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l<.*ss  JcliiK'J,  .!!hl   IjkIki   irmo\<.\l   fioin  (he 
milial  poini  ot  h-^lii.  .t^  ilhish.iteJ  ni  part  A 
li^MMv    -I  ^1     I  ))s{»l.f^  riiK-iU    ol    ihc  successive 
miaj'.cs -js  !!i  .nil!  v\  lion  (owjjdor  a\yay  lioiii  the 

Ihr  loi.il  iiu.!;;c  ol  tlu-  poiiU  (WKct  iVuiu  the 
oi-Ml^.al  J\i^  ind\  be  a  blai  in  aiis  aL-U-Widc 
vai'ielv  ol  iMHoins  c:':-.  ihmi.  oi  comet.  See  part 
li  ol  l!|»uic  4  }  \  \\w  Mvimc  *\oina"  comes  tVoni 
the  icscnihlaMv  c  ol  Ihc  hUii  ol'  a  coinet. 

When  \ic\\^'vl  tiiuK  i  ,1  iniv  roscope.  a  point  of 
h^hl  iMllui.-iKvJ  l)\  ^^^iV|^a  iiKiN  have  a  very 
laiUastu  sliapc  .i  icMih  ol  Ihc  cttcets  of  all 
types  ol  .ihciKiiion  uiH>n  \\  liccause  comix 
causcs  poMious  ol  pomis  o(  h>iht  \o  overlap 
othcis.  thc  icsnll  is  hhiiicvl  iinai^'cs  of  objects  ill 
the  portion  ol  (he  lick!  .iMcclcJ  hy  eoina. 

Coma  A  an  be  v  orreclcJ  with  eonipoiiiul 
lenses  niaJc  ol  (he  piopcr  ofj^lass  Tor  each 
pan  anU  \vi(h  cor!ec(  v  cs  v>rihe  faces.  A  lens 
wluch  \\A\  been  vouectcJ  lor  chromatic  and 
spherical  aberration .  pkis  coii^i.  Is  called  an 
API  AN  I  K  I  I  NS 


ASTKwMAIISM 

makes 


images  ot*  lines  when  the  lines  rnn  at  angles  to 
each  other.  This  optical  defect  is  found  in 
practically  all  lenses  except  some  relatively 
eoiriplex  lenses  designed  to  eliminate  this 
condition. 

A  pcrlect  lens  will  retract  rays  from  a  point 
of  light  to  a  sharply  detined  |)oint  of  light  on  the 
image.  Kays  of  light  which  form  the  inix^gc  are 
refraeted  as  a  cone  (Vig.  4-35).  Cross  sections  of 
these  cones  arc  circular,  aiuk^iI^reXsive  circles 
become  smaller  and  smaller  until  tlie  lV)cal  point 
(illustrated)  is  reached,  \ 


Astigmatism 


is    J    lens   aberration  which 
!(   impt^ssiblc  lo  obtain  ec|iially  sharp 


A  lens  with  properly^  groundi^^pherK^r 
plane  faces  does  not  show  ^astigmatism  for  points 
near  tlie  optical  axis,  but  it  will  show 
astigmatism  for  |X)ints  at  a  considerable  distance 
trom  (he  axis  because  the  face  of  the  lens  is  then 
at  an  oblique  angle  to  incoming  light  rays.  The 
image  formed  by  a  lens  which  shows  astigmatism 
converts  a  cone  of  light  to  an  elongated  oval  in 
one  ^  plane,  which  compresses  to  a  circular 
bundle,  then  becomes  oval  again  in  the  opposite 
plane.  Study  figure  4-36  carefully.  Between  the 
two  focal  plane.s  (horizontal  and  vertical)  is  an 
area  .knowh  as  the  CIRCLl:  OF  LFAST 
CONFUSION,  in  which  plahe  the  most 
satisfactory  image  is  formed. 


A.  Fotmation 

B.  Appedrapce  aftar  formation 


ftgura  4*34. -Coma. 


137.106 


■  ERIC 


4-28 


PERFECT  CONE  OF  LIGHT 


FOCAL  POINT 


OBJECT 


ENLARGED  VIEW  OF  PERFECT 
CONEOFLIGHT  • 


CIRCUHS  SHOW  CROSS  SECTION 


Figur«  4-35.-Refraction  of  light  by  a  perfect  lent. 


137.19^ 


riie  best  way  to  reduce  astiginatisiii  in  a  Ions 
is  to  use  a  combination  of  several,  lenses  in  the 
same  manner  explainecljor  eliminating  sp(icrical 
and'chromatic  aberrations,  When  lensOs  niaO^of 
'optical  glasses  with  .^lilYerent  intliccs  of 
refraction  arc-  ffcowK\  to  different  curvatures,  the 
various  types  of  aberration  cancel  each  other. 

A  lens  designer  has  a  difficult  task  in  his 
e>jdeavors,  to -eliminate  aborratpn  in  a  lens. 

^ly tiling  he  ..  does,  to  correcr  one  type  oC 
i^Viperfcction ^^^unlly  affects  other  type.'t  of 
uWcnitiowr^Fle  musKcoii.sider  many  variables, 
including:     ■  *  •  , 

1 .  index  of  rcfractioti  of, different  kinds  of 
"*        glasa  /  , 


2.  DiffereiTce.in  dispersion  in  various  types 
of  optical  glass.    - ' 
•3.  Curvature  of  refracting  surfaces. 

4.  Thickness  .of  lenses  and  distance  between 
them. 

5,  t*osition  of  stops  along  the  optical  axis. 


CURVATURE  OF  FIELD 


Even  in  the  absence  of  siihericaj  aberration, 
coma;'  and  astigmatism,  the  point  images  of 
-  point  objects  can  lie  on  a  curved  surfjlce,  iustead 
of  a  plane.  Tfjis  aberration  is  called  t-urvature  of 
field-  (figure  4-37),  Curvatu/e  of  field  can  „be 
.  detected  in  '  nn  instrument  or  element  by 
check'ihg  the-<sliarpness  of  atv image  at,  itsy;enter 
and  also, the  edg<is.  >Vhen  cu^va^lr'c  is  present,* 
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Figure  4-36.— Astigmatic  refraction  of  light. 


the  center  of  (Ue  iina^e  will  be  sharp,  and  the 
edges  will  be  J)lurred.  Conversely ;>l^  we  adjust 
tl^e  element  to  Ixhig^he  edges  into  sluirp  focus, 
the  center  will  Ih,  bhnred. 

The  most  commow  mefhod  of  correcting  this  ' 
a-berration  is  to  use  a  suitable  combination  of 
lenses,  called  tVId  flattcners,  which  produce  an 
opposite  curvature  of  the  field  to  cancel  this 
defect.    ^      '  ^ 

DISTORTION 

All  of  the  other  ab&rrations  affect  the 
sharpness  of  the  image,- but  an  image  can  be 
perfectly   sharp  in  all  respects  and  still  be 
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distorted.  l;n  perfect  cent  ration  or  irregularity  of 
optical  surfaces  produces  a  cliaiiije  in 
magnification  from  the  centc^r  of  the  field  to  iioy 
other  point  in  the  fickL  as  measured  in  a  radial 
direction,  I  hus,  objects  off  the  optical  axis  will 
have  a  different  magnification  than  objects'Hb 
the  optica!  axis.  | 

If  magnification  is  l&ss  for  objects  off  the 
axis,  you  have  BARREL  distortion  (fig,  4-38A), 
If  magnification  increases  as  you  leave  the  axis, 
yqu  have  PIN  CUSHION  distortion  (fig.  4-38C), 

A- single,  thin  lens  will  form. an  undistorted 
image,  but  when  you  must  put  a  diaphragm  in 
the  system,  you  will  introduce  distortion. 
Placing  the  diapliragm  in  front  pf  tlie  lens  will 


VIRTUAL 
IMAGE  - 


A.  CURVATURE  OF  REAL  IMAGE: 

B.  CURVATUREjOF  VIRTUAL  IMAGt 


Figure  4-37.-Curvatur«  of  the  image. 
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.cause  the  image  to  have  bane!  distortion,  ami 
placing  the  diaphragm  behind  the  lens  will  cause 
pin  cushion  distortion.  When  a  diaphragm  must 
be  used  in  an  in.strument,  the  manufacturer  will 
use  a  compound  lens  with  the  diaphragm  placed 

.between  the  two  elements,-  letting  the 
distortions  cancel  each  other. . 

NEWTON'S  RINGS 

If  convergent  and  tU>ergent  lenses  of  slightly 
unequal  curvature  are  pressed  against  each  o'ther, 
irregular  cc^lored  bands  or  patches  of  color  will 
appear  between  surfaces.  See  figili'e  4-39., The 
pattern  .  you  see  in  this  illustration  is  called 


Newton's  rin^^s,  after  Sir  Isaac  Wcwtoii,  who  first 
called  attention  to  it.  The«fe  rings  constitute  a 
defect  in  a  compouiul  lens,  but  the  tiiigs  can  be 
used  advantageously  tor  tiJsting  accuracy  of 
grinding  and  polishing  during  lens  fYtaiiUfactiire. 

Light  waves  from  an  object  never  focus 
perfectly  at  a  corresponding  point  on  an  image. 
They  form,  instead,  a  diffused  imtige  with  a 
central  white  spot  surrounded  by  a  series  of 
con9entric  rings  of  light  which  fall  off  rapidly  in 
intensity.  This  is  caHeJ  ^  DIFFRACTION 
PATTERN  (fig.  4-40).  Diffraction  sets  the  final 
limit  tb  the  sharpness  Of -the  image  formed  by  a 
lens,  rtsuKinfe  from  the  njitural  spreading 
tendency  of  light  fees.'  It  occurs  in  imjjges 
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(A)  IMAGE  MAS  BARREL  OR  NEGATl^e  QISTORTION 

(B)  IMAGE  IS  FREE  FROM  DISTORTION 

(C)  IMAGE  HAS  CUSHION  OR  POSITIVE  DISTORTION 
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Figure  4-38. -Distorted  images  formed  by  a  lonV 


toruK'tl  by  all  lenses,  rcgjrdloss  ol  IIk-  porfVftion 
wifh  which  Ihoy  conslriKtaL 


THIC  K  Lf  NSI  S 

I  luis       our  clis^.:usNi()ii  on  Kmisvs  has  ctciill 
"^"^  ''^'^^'^y''.  ''^^^^  inipoilant  that  w^j 

explain  the  path  ot  light  thiongh  a  thkk  lens. 
•  Heeause  liglU  is  fvlVacted  at  both  surfaees  of 
a  Wu^.  all  lenses  have  two  principal  planes,  whieh 
wore  tlisciissed  earlier  in  this  chapter.  A  lens  is 
eonsitlercci  thick  when  its  axial  thickness  is  so 
j^reat  that  the  principal  planes  and  optical  center 
eannot  he  considered  as  comickIiU!:  at  a  single 
pom!  on  the  axis 

The  Na\\  iiscs^thiee  types  ot  thick  lenses: 


Single  I  hick  lenses 
ronipotmd  lenses 

Iwo  thin  lenses  combined  to  make  a 
(hick  lens 

Two  oci%<gnvo.\    knsc<?.^nc   illiistrati'd  Jji*  • 
lii!uiv  4-41   ftoth  leiiscs  have  "tflrt\,s;iinc  intlcx  of  ' 
rctr;KtioM    aiul  ^  radius    ot'    ciii-v'iiiiiro:  ihcir 
•  tlianictcrs  ;uv  \H|iial.  hut  thou  thicknesses  arc 
uiitHjiial.  . 

As  yoii  know,       A  ray  is  any. ray  whichs.  ' 
pusses  thronijh  the  optieal  center  of  a  Ions  and \ 
emerges  tjoni  .th'c  lens  parallel  to  the  incident. 
ray  Without  deviation  - This  rule  applies  to  botk 
thick  and  thin  lenses.  But  note  the  ditCerence  in"^ 
the  A  rays  through  the' two  lenses  in  Ulustration 
4-41.  In  the  thin  lens  in  part  A.  the  A  ray  is  . 
traveling  toward  the  optical  centei'  and  passes 
directly  fhi'ough  without  retraction  or  deviation, 

For  a-  ray  of  liglVt  to  pass  through  a  thick 
Ions  without  deviation,  it  nuist  travel  along  tixe 
optical  axis,  or  travel  as  shown  in  part  B  of 
figure -4-4 1.  When  the  ray  strikes  the  lens,  it  is 
refracted  in  accordance  with  thb  laws  of 
vefrai;tion  and  pusses  through  the  optical  center. 
Upo»i  emerging  from  the  second  surface,  the  ray 
;(ppears  to  have  c<5me  from  the  second  principal  • 
point  (A')  and  is  parallel  to  the  incident  ray, 
slight  IJ^.. of  (set  (not  deviated),  from  its  original 
path. .  '        '  ^ 

■When  converging  incident  light  strikes  a  ' 
thick  lens,  an  undesirable  teiiult  could  occ\ir.  If  '  ' 
Ihe  lens  is  thick  enough,  the  light  coiikl'eo'ilvergo 


to  ;i  focus  on  tj^jc^  Second  surface,  or  within  the 
lens  itself.  ----^  . 

Observe  that  the  refraction  of  the  B  rays  in 
the'two  lenses  in  figure  4-4J  -is  the  .same,  butjhe 
ray  m  the  thickatJcm  travels  a  greater  distance 
than  the  ray  in  the  rt^inner  lens.  Observe  also 
that  the  principal  planej(P2)  of  the  B  ray  is  now 
lucalcd  to  llic  right  at  tie  optical  tii^nlw  of  the 
thick  lens.  •  ' 

.  Now  compare  the  C  rays  of  the  two  lepses. 
The  refracted  ray  in  the  thin  lens  appenrs  to  be 
refr^Lk'd  at  the  same  plane  where  the  B  ray 
refrJ^Hl.  hut  ray  C  of  the  thick  lens  does  not 
appear  to  he  refr;icted  at  the  same  point  as  the  B 
ray  it  tr;iveled  a  greater  distance  than  in  the 
thin  lens.  The  location , of 'th^"  "priilcipul  [rfane 
(1*1  )  tor  the  C  ra^  is  to  the  left  of  the  optical 
center,  Apparent  retraction,  therefore!  does  not 
fake  place  in  the  exact  center  of  .the  thick  lens  as 
it  does  in  thin  len.ses. 

Because  the,  principal  planes  of  a  thin  lens 
coincide,  we  measured  the  Ibcal  Icnji^th  as  the 
distance  trom  the  surface  "of  the  lens  to  the 
prineipi^  tocus..  As  shown  in  figure  4-41,  the 
principal  planes  of  a  thick  lens. do  not  coincide. 
We' must  consider  the  focal  length  as  three 
separate  tactbrs:  (I)  front  focill  length;  (2>  ' 
equivalent  M'ocal  length;  and  (3)  back  fdcal 
length. 

IJRONT.FOCAL  UWGTH 


( 


Abbreviated  FFL,  the  distance  mvasnred 
from  the  principal  focal  point  on  the  left  to  the 
verte-v  of  the  front  surface  is  the  front  focal 
length  (Fl  to  V  in  fig.  4-41). 

EQUIVALENT 

FOCAL  LENGTH  / 

Abbreviated  EFL.  the  distance  measured 
from  a  priiicipal .  plane  to  m  correspond-iitg 
principal  (oca!  point  is  the  equivalent  focal 
length  (PI  to  ^md  P2  to  F2  iri.figura4-4l ). 

'f^  ■ 

BACK  FOCAL  LENGTH  ' 

Abbrevlijted  BFL".  the  distance,  measured  ^ 
from  the  vortex;  of  the  back  surface  of^jthe  lens  ' 
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to  the  focal  point  on-  the  right  is  the  back  focal 
length  (V' to  F2  in  fig.  4-41). 

COMPOUND  LENSES 

BecAuie  an  optically  perfect  lens  cannot  be 
*■  produced  u  a  tingle  len8»  tw6  of  more  lenses 
made   from   different   type» ,  of  glass  .  are 
frequently  combined  as  a  unit  to  control  defects 
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that  are  present  in  a  single  lens.  These  are  called 
compound  lenses;  they .  will  often  bf  thick 
enough  to  be  classified  as  a  thick  l^ns  (fig.  4-42). 

Two  elements  that  are  cemehted  together 
with  their  optical  axes  in  alignment  are  culed  a 
DOUBLET.  Three  elements  cemented  together 
are  called  a.TRIPLET. 

Cementing  the  contact  surfaces  of  lenses 
used  in  a  ^m  pound  lens  is  generally  .considered 

.J 
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Flgurt  4-42. -Compound  {•nft. 
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desirable,  because  it  helps  to  maintain  the  two 
ejcmejits  in  alignment  under  sliatp  blows,  keeps 
out  dirt,  and  decreases  the  l6ss  of  light  as  a 
result  of  reflection  where  the  surfaces  meet. 

.  NOTE:  The  lenses  of  doublets  too  large  in 
diameter  to  be  cemented  together  (even  if  their 
inner  surfaces  match)  form  a  lens  combination 
called  an  AIR-SPACED  or  UNCEMENTED 
DOUBLET,  commonly  known  as  a  dialyte  lens. 

* 

In  a  dialyte  compound  lens,  the  inner 
surfaces  of  the  two  elements  do  not  have  the 
same  curvature,  which  means  they  cannot  be 
cemented  together.  The  two  lenses  are  separated 
•  by  a  thin  spacer  ring,  or  tinfoil  shims,  and  are 
secured  In  a  threaded  cell  or  tube,  v 

LENS  COMBINATIONS 

If  you  arrange  two  thin  lenses  in  proper 
position,  they  will  perform  as  a  single  thick  lens. 
Study  figure  4-43  which  illustrates  two 
symmetrical  thin  lenses  used'as  a  thick  lens.  All 
the  laws  of  refraction  apply  bere  as  they  did  in 
figure  4-41.  The  only  variation  in  the  two 
systems  is  the  way  you  measure  foc^l  distances. 
Because  the  two  lenses  are  very  thin,  the 
principal  planes  of  each  lens,  lies  in  the 
geometrical  center.  For  this  reason  we  m'easure 
the  focal  distance  for  each  lens  from  the 
individual  principji-planes.  The  Equivalent  fpcal 
length  is  measured  from  the  principal  plane  of 
the  combination. 

Wheh  thin  lenses  used  in  combination  are 
identical  in  optical  characteristics,  FFL  and  BFL 


are  equal;  bu^  if  tl^e  focal  length  Of  one  lens- 
differs  ft-om  that  of  the  other,  the  Ff  L  and  6FL 
are  .unequal..  When  the  thin  lenses  differ 
optically,  the  equivalent  focaK  length  on  each 
side  will  still  be  equal  because  the  EFL  is 
calculated  froni  the  principal  planes  in.  the^ 
combination.  ^ 

Tlie  formulas  for  computing  the  three  focal 
iistances  are: 


pp.  ^(Fl  XF2)-(SXF2) 

FFi  -       X  F2 
,~F1  +F2.S 


Fl  =  focal  length  of  lens  X  (in  combination) 

F2  =  focal  length-of  lens  Y  (in  combination) 

S  "  separation  of  the  two  lenses  (X  &  Y,  or 
left  and  riglit)  in  a  combination, 
measured  from  their  principal  planes 

'  Refer -again  to  figures  4-41  and  4-43.  Notice 
how  the  C  ray  is  used  to  establish  the  first 
principal  plane  (PI)  and  the  B  ray  establishes  the 
second  principal  plane  (P2).  In  figure  4-43,  the 
first  principal  plane  is  to  the  right  of  the  second 
principal  plane.  This  is  entirely  correct  and  quite 
common  in  two  lens  combinations.  Remember, 
when  you  measure  EFL,  measure  from  Fl  to  PI 
or  F2  to  P2.  The  distances  will  be  the  same 
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Figur*  4-43.-Syinm«trio«l  thin  ItntM  uitd  in  eombination  m  •  thick  lam. 


regardless  of  the  difference  between  the  two 
lenses. 

Actual  refraction  of  '  light  rays  ,  passing 
through  each  lens  in  figure  4-43  is  not  shown. 
*By  now  you  should  have  a  good  idea  of  what 
happens  at  each  lens  surface.  Refer  to  'figure 
4-44  which  illustrates  the  use  of  two  thin  lenses 
in  con^bination  in  making  an  eyepiece  of  a 


tefescope.  You*  will  study  eyepiece'  systems  in 
detail  in  chapter  5,  but  the  application  h  very 
appropriate  at  this  point. 

As  you  study  the  illustration,  you  will  notice 
that  lens.  X  is  within  the  focal  length  of  Jeps  V, 
and  it  makes  diverging  rays  from  focal  pjanc  Fl 
lesis  divergent.  Also  notfce  that  the  focal  length* 
of  lens  Y  is  longer  than  the  EFL.  This  helps  to 
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I^Iust^ate  that  each  thin  lens  in  a  combination 
.  has  a  definite  local  length,  but,  wh<}n  used 
together,  the  resulting  EFL  of  the  combination 
is  shorter  than  the  total  length  of  either  lens. 

,  MISCELLANEOUS 
OPTICAL  ELEMENTS 

•  -  -4*v  addi lien  to  the  trpticnl  <?lemenTs  y  oli  have 
studied  thus  tar  there  .are  '  three  oth^r 
elements  tha't  affect  light  transmission  in  an 
instrument.  These  elements  are.  reticles,  color 
filters,  and  polaroid  filters.^ 

Reticles  *  . 

Most  reticles  used  in  optical  instruments  are 
glass  disks  with  plane  parallel  surfaces  on  which 
appropriate  markings  are  engraved  or  etched.  In 
some  instances,  a  planoconvex  or  planoconcave 
lens  is  necessary  at  the  point  where  a  reticle  is 
generally  mounted,  and*  the  markings  are 
therefore  engraved  on  th^  piano  surface.  The  • 
function  of  a  reticl**is  to  superimpose  reference 
marks  on  the  image  of  a  target. 

A  pellicle,  which  is  similar  to  a  reticle,  is 
sometimes  used  to  superimpose  a  reference  mark 


on  a  tar'ijfet  imagt).  It  is  usually  mounted  at  an 
angle  so  that  the  main  line  of  sight  is  transmitted 
through  the  pellicle  while  *an  auxiliary  line  of 
sight  is  reflected  from  it  into  the  eye  of  the 
observer. 

Colored  Filters 

•  •  Filters  (sometimes  called  ray  filters)  are 
colored  glass  disks  (with  plane  panUlel  surfac«s) 
pjacod  in  the  line  of  sight  in  optical  instruments 
to  reduce  glare  and  light  intensities.  Separate 
elements  may  be  attached  or  detached  (fig. 
4-45A),  filters  may  be  swung  ifi  or  out  of  the 
line  of  .sight  (/ig.  4-453),  or  they  may  be 
mounted  on.  a  rotating'  disk  which  makes 
insertion  and  removal"  from  the  path  of  liglu 
easy.  Figure  4-45C  shows  a  'disk  with  three 
colored  and  on«  clear  filter^mounted. 

Some  of  the  different  types  of  colored  filters 
used  in  optical  instruments  to  improve  visibility, 
are  amber,  blue,  green,  red,  smoke,  and  yellow!. 
Red,  yellow,  and  amber  filters  are  generally  used 
under  varying  conditions  qf  fog  or  haze  to  filter 
out  the  scattered  blue  and  green  liglit  which 
reduce  visibility  if  unffltered.  Red  filters  are 
used  to  im-prove  contrast         a  tai^et  is  against 
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«  blue  or  green  backijrouiitl.  Green,  amber,  and 
smoke  filters  arc  useful  in  bright  sunlight  or  for 
reducing  glaring  reflections.  Dark  smoke  filters 
reduce  ligtit  intensities  so  much  that  they  can  be 
used  only  in  the  brightest  su-nliglit  or  against 
searchlights.  Blue  filters"  absorb  scattered 
red-yellow  light,  consequently  they  are  helpful 
in  detecting  camouflaged  objects. 

* r       .  '  " 

Polaroid  Filters 

Polaroid  filters  have  three  useful  purposes: 
(I)  to  increase  image  contrast;  (2)  to  cut  glaring 
reflections;  and  (3)  to  control  the  intensity  of 
light  presented  to  the  user  of  an  optical 
instrument. 

To  understand  how  they  work,  you  need  tjo 
recall  the  wave  motion  theory  of  light.  Light 
radiates  in  all  direclTons  from  a  source,  and  the 
waves  vibrate  in  all  possible  directions  at  right 
angles  to  the  \ifie  of  travel.  You  can  observe  this 
effect  by  visualizing  a  series  of  ropes  passing 
through  a  picket  fence  and  secured  to  some 
object  on  thfe  other  side  of  the  fence.  If  you 
shake  the  ropes  in  various  directions  they 
exhibit  wave  motion.  The  fence  will  stop  this 
wave  motion  in  all  the  ropes  except  for  those 
that  lire  vibrating  up  and  down.  When  wave 
motion  -is  all  in  one  direction,  we  say  it  is 
POLARIZED. 


A  polaroid  filter  istt  film  of  plastic,  either  by 
itself  or  cemented  between  two  thin  glass  disks. 
Suspended  in  the  plastic  are  millions  of  tiny 
dichroic  crystals  of  iodoqulnine  sulfate.  (A 
dichroic  crystal  will  allow  transmission  of  light 
vibrating  in  only  one  direction.) 

Wlien  a  polaroid  film  is  produced,  the 
crystals  are  suspended  in  a  molten  plastic,  and 
the  plastic  is  slrefchea  liiTo  a  tlifn  she^^^^^ 
hardens.  This  stretching  aligns  the  crystals  in  a 
unifprm  manner  so  ^hat  very  selective  light 
transmission  is  possibleX  ^ 

Figure  4-46  illustra\s  tire  grid  effect  of 
crystal  alignment  which  VHf^  polarize  light. 
Notice  in  part  B  thai  the  grids  of  two  filters  are 
at  90"  to  each  other,  which  will  eliminate  light 
transmission  through  the  second  filter. 

When  a  pair  of  polaroid  filters  are  used,  one 
remains  stationary  and  is  oriented  to  reduce  the 
glare  of  suHlight  reflecting  from  water.  (When 
light  reflects  from  any  surface  it  is  partially 
polarized.)  Tlie  other  filter  can  be  rotated  to  any 
positiori  desired.  Therefore,  you  can  v|rty  light 
transmission  through  the  filter  from  maximum 
(grids  parallel)  to  minimum  (grids  at  90**). 

Some  instruments  use  a  single  polaroid  filter, 
which  can  be  turned  to  eliminalfe  glare  from 
various  surfaces.  Mo«?t  military  instrument^  now 
use  a  pair  of  filters  to  utilize  the  full  range  of 
capabilities. 


VERTICAL  WAVES  PASS  THROUGH 
VERTICAL  GRID  BUT  ARE  STOP- 
PED BY  HORIZONTAL  GRID 


l7o 

TRANSMISSION 


Pigurt  4>46.-tHt  polarizttion  of  light. 
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CHAPTER  5 


BASIC  OPTICAL  SYSTEMS 


In  previous  chapters  we  discussed  the 
formation  of  images  tjirough  the  use  of  various 
optical  elements.  We  will  now  combine  some  of 
those  elements  into  basic  optical  systems.  An 
optical  system  as  defined  by  MIL-STD-1241 A  is 
"a  combination  of  optical  components  arranged 
so  as  t<^Wform  pne  or  more  optical  functions." 
Of  all  the  optical  systems  you  will  come  in 
contact  with,  the  most  important  is  the  HUMAN 
EYE;  an  understandiijg  of  its  functions  will 
•xplain  more  clearly  the  operation  of  optical 
instruments  in  th^  Navy. 


THE  HUMAN  EYE 

A  complete  study  of  the  huipan  eye  involves 
physiological  and  psychological  aspects,  since 
any  image  formation  must  be  interpreted  by  the 
brain.  In  effect  the  human  eye  is  a  pliysical 
image-forming  and  sensing  system  that  has  lenses 
of  certain  curvature  and  measuraWe  indices  of 
refractioo>  The  eye  conforms  to  the  usual  laws 
of  image  formation  when  producing  an  image  on 
a  sensitive  membrane  (retina)  in  the  back  of  the 
eye  (fig.  5-1).  Since  the  retina  is  curved,  the  lens 
must  display  curvature  of  the  field  to  form  a 
useftil  image.  Also,  remember  that  the  image 
fohned  on  the  retina  is  inverted  and  reverted; 
the  brain  converts  this  information  into  the 
erect,  normal  view  you  actually  see* 


EYE  STRUCTURE 

The  human  eye  (fig.  5-1)  is  a  nearly  spherical 
organ  held  in  shape  by  the  sclera  (tough,  outer, 
whitish  coat)  and  the  pressure  of  its  viscous 
content.  The  cornea,  the  transparent  fr<yit  part 
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Flgur*  S-I.-Conitniotion  of  tht  human  •y«. 


of  the  sclera,  protrudes  slightly  as  it  has  a  greater 
curvature.-  Inside  ttic  sclera  is  the  choroid 
containing  blood  vessels,  the  opaque  pigment 
(not  showh),  and  the  ciliary  process.  The  ciliary 
process  includes  the  iris  and  the  muscles  which 
focus  the  lens  of  the  eye.  The  retina  covers  the 
inside  of  the  choroid  up  to  the  ciliary  muscle. 
The  space  between  the  cornea  and  the  iris  is 
called  the  anterior  chamber,  and  between  the  iris 
and  the  lens  is  a  posterior  chamber.  Both  are 
filled  ^«rith*clifferent  types  of  fluid:  The  lens  is 
attached  to  the  ciliary  muscle  by  many  fibers 
called  sqs'pensory  ligaments.  Except  for  the 
opening  in  the  iris,  called  the  pupil,  the 
pigmentation  of  the  sclera  and  iris  normally 
makes  the  eye  qpaque.  Without  proper 
pigmentation,  vision  is  impaired  by  glare  from 
light  leakage  onto  the  retina. 
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IRIS  FUNCTION 


Built  into  tlUs  optical  systotn  named  the  eye, 
is  an  atUustable  diaphragm  (iris).  It  acts  as  an 
aperture  stop  for  the  Ions,  the  same  as  the 
diaphragm  of  a  camera  (fig.  5-2).  The  irk  opens 
closes  at  the  pupil  alitomatically, 
-cxnitracttng^  xmder  very  "  trfigivi  irgTiT  and 
expandiifg  in  dim  light.  The  size  of  tlie  pupil  will 
vary  in  young  eyes  from  8  mm  in  dim  light' to 
about  2.  mm  in  bright  lights  The  opening  and 
closing  of  the  iris  teitUs  to  hold  the  illumination 
on,  the  retina  constant  regardless  of  external 
brightness,  i 


REFkACTING  MECHANISM 

"The  comeii  and  t!ie  lens  act  together  as  a 
convergent  lens  system  to  form  a  real  image  on 
the  retina  of  the  eye.  The  cornea  (fig.  i^l)  is  the 
firsi  refractigig  surface  for  light  entering  the  eye 
and  is '  responsible    for  aboqt  75%  of  the 


refracting  pow<{r  of  the  eye.  The  two  surfaces-of 
the  cornea  usually  are  of  similar  curvatures 
which  rcAiiain  constant. 

The  lens  is  a  transparent  elastic  iLdy  with  a 
dense  inside  cor*  aird  a  less  dense  outer  layer. 
The  lens  cl^ngcs  curvature,  to  focus  light  from 
near  and  far  poiiUs  on^  wlieiL  tlie^ 

ciliary  muscle  changes  the  tension  of  the 
suspensory  ligaments.  Figure  5-:^  shows  the 
ciliary  process  in  detail;  the  eye  is  focused  pn  a 
far  objoc^in  B  and  on  a  near  object  in  C.  Notice 
the  difference  in  the  curvikure  of  the  two  leiises. 
The  process  of  changing  focus  from  a  rtearpoint^ 
to  a  far  point  is  referred  to  as  accommodation. 
A"  normal  eye  has  the  ability  to  focus ^n  an* 
object  at  a  near  point  of  about  5.9  inches  and  a 
far  point  of  infinity. 

As  mentioned  in  chapter-  4,  the  distance  of 
distinct  vision  is  considered  to  be  10  inches. 
Although  most  people  can  accommodate  closer 
objects,  they  must  strain  their  eyes  to  do  so.  The 
ability  to  accommodate  decreases  with  age,  as  a 
result  of  loss  of  elasticity  of' the  lens. 


Figur*  5-2.-lrit  and  diaphr«om  of  a  camark. 
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AN  OPTICAL 
INSTRUMENT 

.  A  German  astronomer,  Joharines"  Kepleh,  is 
credited  with  being  the  first  man  to  compare  the 
eye  to  an  instrument  like  a  camera.  In  1604  he 
wrot^,  "Vision  is  brouglit  about  by  pictures  of 
the  thing  seen  Ijeing  formed  on  the  white 
concave  ^u^face  of  the  retina."  The  eye  has  been 
compared'  to  the  camera  in  numerous  textbooks 
throughout  the  world.  This  comparison  has  been 
misleading  and  often  has  given  the  wrong 
impression  of  how  the  eye  functions. 

•  Figure  5-4  illustrates  the  human  eye 
superimposed  on  a  camera.  The  camfera  is  a 
completely  mechanical  optical  instrument  {hat 
forms  an  image  on  sensitized  film^which,  when 
processed,  becomes  a  ishotograph.  The 
formatiotv  of  an  imdge  by  the  hunfan  eye  is  a 
physical  process.  After  at)  image  is  formed  on 
the  retina  of-  the  eye,  the  procejjs  of  seeing  is 
psychological,  dealing  with  nervcj  impulses  and 
the  brain.  The  onljNc^n^parison  of  physical 
properties  of  the  <rye  that  can  be  made  with  the 


camera  are' lens  with  lens,  iris  with  diaphragm, 
and  sclera  with  liglitproof  housing. 


VISION 


\ 


Light  energy  striking  the  retina  of  the  eye 
enables  us  to  see,  but  the  optical  image  formed 
on  the-  retina  is  only  the  starting  point  of  a 
complicated  process  of  visual  perception  and 
visual  memory.  The  fact  is,  you  do  not  see  the 
retinal  image,  the  incoming  light  forms  a  pattern 
that  provides  information  to  the  liervous  system. 
This  information  is  then  used  by  the  viewer  to 
guide  his  movements,  to  anticipate  evenis,  and 
to  construe?  a  mental  experience.  The  visual 
process  is  then  supplemented  by  our  memory 
which  stores  the  information  in  the  bi4in.  Tfie 
images  on  the  retina  are  constantly  chjnging  in 
position,  siie,  and  shape  as  the  viewer  moves  his 
eye,  or^the  object  being  viewed  is  moved. 

Usifally,  we  are  not  aware  of  oUr  eye 
movements  as  they  are  moved  by  the 
contraction  of  one  or  \note  pairs  of  opposed 
muscles  triggered  by  the  nervous  system.  Such 
eye  movements'are  necessary  because  the  area  of 
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Figur*  5-4. —Comparison  of  the  eye  and  camara. 
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clear  vision  available  to  the  stationary  eye  is 
seyerely  limited.  To  see  this  tbr^^i^rself,  fix 
ypur  «yes  on  a  point  of  some  some  unfamiliar 
picture  or  printed  page.  Only  a  small  region 
around  the  fixation  point  will  b^  clear  Most  of 
what  you  are  viewing  will  be  hazily  visible 
because  of  the  structure  of  the  retina 'an^  the 
placement  of  its  sensitive  element^. 

The  retina,  which  covers  most  of  the  area 
behind  the  ciliary  process,  translates  light  Jfergy 
into  the  nerve  impulses  and  contains  thPiirst 
coordinating  nerve  cells  in  the  visual  system.  The 
fjont  part,  facing  the  lens,  is  composed  of  blood 
vessels,  nerve  cells,>4ierve  fibers,  and  connective 
tissues. 

Figure  5-5  shows  a  cross  section,^  of  the 
human  retina  magnified  about  500  times.  In  this 
picture,  light  enters  from,  the  left.  The 
Ughtrsensitive  elements  are  two  different  kinds 
of  specially  developed  cells.  Because  of  their 
shape,  we  call  them  RODS  and  CONES.  The 
light*sensitive  layer  of  rods  and  cones  lies  at  the 
back,  of  the  retina.  Before  light  caih  reach  that 
layer,  it  mu^t  pass  through  several  layers  of 
tissue'  co(italning  a  network  of  nerve  fibers  and 
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blood  vessels.  These  layers  are  extrenlely  thin,  so 
they  do  not  absorb  much  light.  jBut,  they  do 
affect  the  sharpness  of  the  image.  ^ 

In  some  of  the  lower  animals,  the  sensitive 
layer  is  at  the  front  of  the  retina,  with  the  nerve 
and  blood  supply  behind  it.  These  animals 
probably  see  more  clearly  than  we  can,  but  the 
human'  retir\a  has  this  advantage:  the  sensitive 
layer  is  in  contact  with  the  rich  blood  supply  of 
the  choroid  which  helps  to  kje'p  the  efficiency 
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of  the  rctinn  :it  ;i  liigli  lovi'l  o/ci  ;i  long  ihmkhI  of 
time. 

Tlio  eiitnincc  of  tlio  op^ic  nom'  (fig.  5-|) 
forms  a  ilisk  where  there  are  no  lit'ht  sensitive 
colls.  This  is  ii  "blind  spot"  where  no  visiiiil 
sensati(^ns  are  stiniulateti:  The  retina  thins  at  the 
fovea  because  there  are  no  blood  v*;sels  or  nerve 
fibers  directly  oppajiijl'  the  lens.  C  onsctiiiently, 
th«^  fov<^a  i^s  t  he  most  sens^ifive  ;irea  of  the  rctnia. 
The  fovea  contains  only  cones  that  are  longer, 
thinner,  and  more  densely  packed  than  cone.s 
elsewhere  in  thejetina.  From  here  to  the  edge  of 
the  retina  the  nmnber  of  cones  per  unit  area 
decreases  and  the  number  of  rods  increa.ses.  The 
sensitivity  of, various  ar^as  of  the  retina  to  light 
varies,  and.  since  the  fovea  is  the  most  s<insitive, 
it  is  used  for  fini^'  detail  and  color  perception. 
The    cones    of    the    fovea  ^  are  individually 
connected  to  single  tierve  fibers  which  have  a 
direct  path  into  the  optic  nervi^. 

The  structure  of  tli.e  rods  and  cones  is 
complex  ;uid  the  exact  mechanism  of  vision  is 
not  fully  known.  We  do  know  that  the  ret/jtial 
rods  contain, a  red  photosensitive  pigment  called 
RHODOPSIN  which  is  bleached  when  expo.scd 
to  light.  The  process  o,f  this^leaching  .stimulates* 
the  nerve  cells  in  tlie^eyc.  making  the  rods 
sen.sitive  to  very  small  amounts  of  light. 

The  retinal  cones  contain  a'  violet 
photosensitive  pigment  called  lODOPSIN  which 
is  .similar  to  rhodopsin  but  more  responsive  to 
physical  •  change.  Kven.  though  cones  respond  ' 
more  quicklj^  to  light  than  rods,  it  takes  a 
greater  ihter>s^ty  to  trigger  this  resf\onse.  An 
exaniple  of  the  change  taking  place  in  th'e  eye  is 
wtfen  a  person  goes  from  bright  sunlight  into  a 
darkened  foom.  It  takes  the  eye  several  minutes 
to  adjust  to  tlve  lower  illumination  level  because 
the  retii^al  rods,  even  though  more  sensitive  to 
low  illumination,  do  not  respond  as  quickly  as 
the  cones.  Tlie  reverse  procedure  hold^  true 
when  we  again  emerge  from'  a  darkened  room 
into  bright  sunlight,  since  normal  vision  returns 
quite  rapidly. 

; 

Night  Vi.sion 

Cones  appear  to  be  a  factor  in  acute  vision, 
as  the  eye  tends  to  rotate  in  order  to  bring  the 
image  nearer  to  the  area  where  cones  are  most 
concentrated.  ,lt  also  appears  that  the^ds  in  the 
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retina  are  as.sociated  with  night  vision.  Animals 
that  hunt  at  night  and  sleep  in  the  daytime  (such 
as  the  opossum)  have  retinas  composed  almost 
entirely  pf  rods.^  Animals  that  go  to  sleep  as  soon 
lis  it  gets  dark  (most  birds)  have  retinas 
.composed  almost  entirely  of  (.ones!  Human 
beings  who  get  around  both  day  and  night  hove 
retinas  composed  of  both. 

Color  Vision 

A  normal  human  eye  can  match  any  color 
witii  a.  mixture  of  three  primary  colors;,  red, 
green,  and  blue.  The  brightness  of  color  in  tlie 
.  objects  that  we  see  depends  on  the  radiant 
energy  in  the  light. 

We  know  that  white  light  is  a  combination 
of  all  the  wavc|£jj«ths  of  the  visual  spectrum  and 
that  a  coloi^ object  is  reflecting  or  emitting 
waves  of  li  certain  range.  These  different 
wavelengths  .stimulate  the  iodopsin  in  varying 
amounts  to  produce  the  different  color 
sensations. 

Although  the  cone  cells  are  less  sensitive  to 
light  than'  the  rods-,  the  cones  arc  the  more 
sensitive  cells  in  color  vision.  At  very  low  levels 
of  illumination  all  radiation,  regardless  of 
wavelength,  is  distinguished  only  as  varying 
shades  of  gray  and  black. 

Color  Blindness 

The  inability  of  a  person  to  distinguish 
colors,  that  is,  having  only  gray  visual  sensations, 
is  called  color  blindness  and  is  very  rare  in 
humans."  More  common  is  the  condltiori  of 
deficient  color  vision.  One  in  10  men  and  I  in 
100  jvomen  have  varying  degrees  of  color 
deficrencies.  The  most  common  deficiency  is 
poor  red-green  discrimination;  relatively  rare 
defects  are  in  blue-^llow  vision. 

With  a  color  deficiency,  one  is  unable  to 
distinguish  certain  colors.  Tlie  type  of  color 
confusion  indicates  the  kind  of  irregularity.  A" 
person  who  has  red  deficiency  sees  red,  brown, 
dull  green,  and  bluish-green  as  the  same  color 
when  they  have  the.  same  brightness.  A  person 
with  green  deficiency  confqses  purplisli-red, 
brownv  olive,  and  green.  A  mild  deficiency  is 
only  r  small  handicap  and  may  not  even  be  . 
known"  by  the  person.  Medium-  deficiency  will 


5-5 


OPTICA  LM AN  3  &  2 


exclude  u  person  from  working  whore  metlium 
color  cliscriniiniitioit  is  important.  Seriously 
deficient  individuals  shojiltl  be  excluded  from  all 
occupations  which  require  golor  recognition. 

VISUAL  ACUJTY 

The  overall  condition  of  the  eye  determines 
The  degree  61  sTuVrphess  of  vision.  Printed  chart;^ 
consisting  of  letters' of  different  sizes  are  usj 
for  measuring  the  sl\u(jiess  of  vision,  c^ 
visual  acuity.  The  standard  is  a  5-minute 
letter,  the  individual  /letatjs  of  the  WUcr 
subtending  at  the  observer's  eye  I  minute  of  arc 
(fig.  '5-6).  The  reference  line  on  the  chart  is 
normally  viewed  at  20  feet.  Other  lines  on  the 
clyirt  have  graded  sizes  of  letters  for  different 
distances.  For  example,  the  line  marked  40  feet 
would  subtend  an  angle  of  1/2  minute,  and  the 
line  marked  10  feet  would  subtend  an  angle  of  2 
minutes.  ^ 

Visual  acuity  fs  expi;pssed  as  a  fraction~the 
numerator  is  the  design  distance  for  the  chart, 
and  denominator  is  the  line  which  can  be  read  at 
that  distance.  With  such  a  chart,  20/20  vision  is 
normal,  20/15  is  better  than  normal,  and  20/,30 
is  subnonnal. -Vision  20/30  means  that  the 
observer  can  read  at  20  feet  the  line  normally 
read  at  30  feet;  20/15  vision  means  theobservW 
can  read  at  20  feet  the  line  normally  read  at  15 
feet. 

Resolving  Power 

The  resolving  power  of  tlie  eye,  or  an  optical 
systenu  is  its  ability  to  distinguish  between  two 
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adjacent  points.  It  is  ofteti  expressed-u»s  the 
ability  to  (listinguisji  between  fine  tines  and 
small  angles. .  Resolving  power  is  an  important 
property  of  any*optical  system.  Aft^r  all  what 
good  wogld  an  instrument  be  to  the  Navy\it>'.e 
had  magnified  ^mu^e, -but  we'  coul^  not 
disttnifuish  any  of  the  details  in  the  iniiige^ 

Pi^ure  5-7  illusfrates  what  is  meant  hy  Lw_o 
adjacent  points  fonjiing  an  angle  witji  ,the  eye.; 
The  average  eye  can  resolve  deta^s  sd^btendmg  I 
'  miniite  of  arc;  an  image  falls  on.'fhe  retina  and 
stimulates^  more  than  one'  cone,  -with  ,a 
separatibn  of  at  least  one  iH)$tim"n!ate^j  .cone 
between  them.'  Therefore  a  normal,  eye  can 
distinguish  betweet*-two  equally  bright  objects, 
.separated  by  an  angle  of  only  I  minute. 

The 'rods  and  cones  give  the -retina  a  mosaic 
structure  which  "determines,  resolution. 
Maximum  re.solution  depejids  on  t|iree  factors: 

1 .  Retinal  location  .of  the  image:  The  imi>ge 
must  fall  on  the  fovea  of  the;  rettna^where^  vision 
is  most  acute.  Tlie  resolvit\g  power  of  the  eye 
decreases  as  the  image  moves  away  from  the 
fovea. 

2.  Nature  at'  the  .image:  Its  brightness. 
Brightness  Is  the  light  necessary  to  stiriuilate  the 
retina.  The  smajlness  .of  a  liglit  orj^riglit  spot 
that  can  be  seen  will  depend  .solely  on  its 
brightness.  '  • 

3.  Adequate,  time  for  stimulation:  "  An 
image  must  fall  on  the  retina  long  enough  to 
cause  stimulation  of  the  nerve 'cell^.  Bright 
objects  will  stimulate  quicker  than  dim  objects.. 

Vou  can  fully  appreciate  these  tlvjee  factors 
when- you  look  put,  to  sea  at  night.  If  you  see  a 
small  but  very^  bright  -light,  you'  have  qAtick  ' 
stimulation  and  the  liglit  is  very- noticeable.  If, 
when  looking  out,  you  see  a  dim  ligh^.  you  must 
concentrate  for  af  much  longer.tmie  to  discern  it. 

4 

STEREOSCX)PIC 
VISION 

Having  two  eyes  to  guide  us  ^!Pa  deckled 
advantage  in  seeing,  and  both  eyes  act  as  a  team- 
to  feed  information  to  thfS  brain  where  it  Is 
fused  into  a  single  mental  ^image.  Both  eyes 
usually  operate  under  the  same  liglit  conditiorts 
and  converge  on  the  same  object  for  binocular. 
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vision.  One  of  the  advantages  of,  two  eyes,  .or 
binocular  vision,  is  the  apparent  ii\ci-ease  in 
brightness  of  about  20%  abov^  that  of  ajl  object 
viewed  with  just  one  eye.  Figure  5-8  shows  the 
normal  field  of  view  With  each  eye  ahd  also  the 
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inoculaMield.  Tbe  field  of  view  with  both  eyes 
is  normally  about  160°  on -the  horizontal  and  ' 
70°  on  the  vertical!  The  ^eld  includes  thij  area 
seen  by  the  left  eye,  the  right  eye,;iind  both  . 
eyes,  the  bindcular  field  ejiists  only,  in  thq  area 
df  ihc  - field,  of  view  wlie»e .  the  fields  of .  the  " 
separate  ^yes  Overlap.  '  - 

,  ' Another  'more ;  importa^ht  ,  advantage   of . 
binocular  vision  -  is;  the  eKperienfce  of  depth, 
'  Avhich  is  called  stereoscopic  yision.  fhcf  basis  of 
J  stereoscopic  vision  is  hori^orital  dissimilarity  of 
'retinal  itiwges  on  cOrrespfonding  points  of  the 

two  retinfls,  ,    \  - .  ' 

..    .  Figure  5-9  ^hows  a  lube'  demtJnstrating.the 
stereoscopic  effect  when  you  look  af  a  near 
object.  In  studying  t(iis  Ulu^tratioh  you  can  see 
tht^  difference  in'  the  retinal  images  6n  the  t>vo  « 
eyes.  This  difference  is  brbught' about  byiihe 
spacing  pf  your.Qyes,  which  aHows  you  to  see 
.objects  froih  ^lightly  different  'angles. \ Tb^V, 
spacing  between  the  human  eyes,  is  measured  V 
from  the;  papil  and  iscalted  JNfBftpUWtLAIlY 
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Rgur*  6-9.->Sltr«owop)e  ffiilon. 


DISTANCB  (IPD),  normally  about  64 
millimeters.  Stereoscopic  vision  can  be  stated  as 
the  gbility  to  see  in  depth,  or  in  three 
diinensidn.  When  you  ^iew  an  object  in  three 

dimension,  you  see  height,  width,  and  depth. 

'  ' 

In  «  like  manner,  when  you  observe  two 
objects  simultaneously,  stereoscopic  vision 
enables  you  to  judge  the  relative  distance  of  one 
object  from  the  other,  in  the  direction  AWAY 
FROM  YOU.  ,  ^ 

Your  ability,  to  distinguish  the  relative 
poiilion  of  two  objects  flitereoscopiqally  depefids 
upon  the  interpupiUary  distance  oT  yoOr  eyes, 
the  distance  of  the  objects  from  you,  and  their 
distance^  from  e.ach  other  (ftg.  S<  10).  Other 
factors  of  depth  perception  being  equal,  the 
Hvider  ypAr  interpuptllary  distance,  the  l^etter 
the  de|>th  t^c^ception  you  secure  through* 
i^f«0Vlil6A,  For  you  to  distinguish  the  position^ 
of  two  obiecti  itereo|copic<dly ,  the  distance  of . 
liie  ifcoikd  c^ct  from  the  first  object  must  be 
lilpi^imjit  distihce  of  the  flrst 
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Figiira  5-10.-0(|tlnQuiiMng  th«  -  dlitmo*  bttWMn 
twoobltott. 


yfhen  you  look  at  two  objects  and  attempt 
to  determine  which  is  farther  away,  the  lines  of 
sight  from  both  eyes  converge  to  form  angles  of 
convergence  on  both  objects.  If  the  angles  of 
convergence  to  both°  objects  are  identical,  the 
objects  appear  to  bef  the  same  distance  away;  but 
if  there  is  a  dl^fference  in  angles  of 
convergence  to  the  two"  objects,  one  object 
X!  appears  more  distant  than  the  other. 

Even  though  the  distance  between  angles  Of 
convergence  is  slight,  the  brain  has  the  ability  to. 
distinguiish  the  difference,  Your  ability  to  see 
siereoscbpically,  therefore^  depends  upon  your 
capacity  to  discern  the  dinerence  between  these 
angles.  Figure  5-1 1 A  ■  shows  the  difi^erence 
between  ♦he  angles  of  convergence  shown  in 
figure  5-10.  / 

Angles  of  convergence* become  smaller,  and 
the  diffi^renc^  between  them  becomes  less 
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V   SUBTRACT  TO  OBTAIN 
piSCERrjIBLE  DIFFERENCE  OF 
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A  GRAPHIC  VIEW  OF  DIFFERENCE  BETWEEN  CONVERGENCE 
ANGLES  SHOWN  IN  X  ANDY 
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Figure  5-11. -Angular  ditcamiblf  diffartnct. 
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discernible  as  the  objects  ate  moved  farther 
awa/from  you,  or  as  the  distance  between  them 
is-  decreased.  .  Tjiis  difference  is  known  as 
DISCERNIBLE  DIFFERENCE  OF 
CONVERGENCE  ANGLE  (fig.  5-1  IB).  It  is 
measured  in  fractions  of  minutes  and  seconds  of 
arc.  Stereoscopic  vision  for  t\\h  unaided  eye  is 
effective  up  to  only  500  yardsl  This  distance, 
Jiowcver.,  can  be  increased  through  the  use  of 
,  binoeulats  or  rdngefinders/  which  increase-  the 


inteipupillary  distance  between  the  eyes  and 
therefore  increase  stereoscopic  vision. 

STEREO  ACUITY,  in  contrast  with  visual 
a<Juity,  is  sharpness  of  sight  in  three  dimensions, 
or  the  ability  to  gage /distance  by  perception  of 
th?  smallest  discernible,  differertce*  of 
coijvergence  angles.  The  minimum  difference 
whjich  you  can  discern  between  two  angles  of 
c^hvetgence  is  dependent  upon  your  quality  of 
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vision,  your  .training,  an^l  conditions  which 

affect  visibilHy. 

A'  well-trained    observer   can   disc,ern  an 

average  difference  of  about  I  3  seconds  of  arc,  at 

times,  under  excellent  conditions  of  observation. 
,  Tliis  difference  may  be  reduced  to  4  sea^ndsof 

arc  tor  a  .series  of  obsStqjvations.  An  average, 

untrained  ol>sei^ver  should  be  able  to  distinguish 
-a  -niinimttm  difference  of  30  seconds  of  arcv 

between    two   angles   of   convergence  under 

normal  visibility  conditions.' 

ABERRATIONS 
OF  THE  EYE 

Tlie  optical  system  of  the  eye  suffer,'^  from 
some^  of  the  same  aberrations  as  an  optical 
system  made  up  of  glass  lenses.  The  eye  is  partly 
corrected  for  spherical  aberration  because  its 
refracting  surface,  especially  the  front  surface  of 
the  lens,  is  parabolic. 

.  The  chromatic  aberration  in  the  human  eye 
is  much  worse  flian  you  might  think;  i.e.;  >vhen 
you  |cK)k  at  an  object,  you  automatically  focus 
the  green  and  yellow  liglit  on  your  retinas,  but 
the*  blue  ligfit  falls  short  of  the  retina,  and  the 
red  light  falls  beyond  it.  If  you  have  a  divergent 
lens  of  about  minus  2  diopters  and  a  good  blue 
light,  it  is  very  easy  to  -demonstrate  the 
chromatic  aberratioh  in  your  eyes.  Just  turn  out 
all  but^  the  blue  liglit  in  the  room;  any  object 
appears  to  be  wrapped  in  a  fuzzy  blue  blanket. 
Because  of  the  chromatic  aberration  in  your 
eycs^  you  cannot  focus  the  short  blue  rays,  and 
the  image  falls  short  of  your  retinas.  Now  look 
at' an  object  througli  the  divergent  leYis  and  see 
how  much  clearer  the  object  is. 


The  normal  aberrations  of  the  eye  do  not 

cause  a^y  significant  problems  in  life,  but  there 

i\!x  three  chief  defects-astigmatism,  myopia, 

and  .hyperopia-that  must  be  corrected  with 

eyeglasses  for  comfortable  vision.  . 

•*  ♦ 

Astigmatism 

Asiifmatism  in  the  eye  is  caused  by  a  deftct 
of  the  cornea  whereby  the  surface  is  more* 
strongly  curved  in  one  plane  than  in  another. 
Por  an  example,  let's  say  that  your  cornea  has  a 
normal  curve  in  the  vertical  plane,  but  is  more 
strongly  curved  in  the  horizontal  plane. -You  will 
be  abl^*  to  focus  clearly  on  vertical  lines,  but  the 
horizontal  lines  will  be  refracted  too  much  and 
their  image' will  fall  in  front  of  the  retina. 

Corrective  Qy  eg  Kisses  for  astigmatic 
conditions  must  be-  worn  constantly  for 
com  fortable  vision. 

Myopia. 

in  nearsightedness,  or  myopia,  the  image 
from  far  objects  is  formed  in  front  of  the  retina 
because  the  refracting  mechanism  of  the  eye  is 
too  stro|ig.  Close  objects,  however,  can  be 
accommodated.  Figure  5-1 2A  shows  Kow  the 
image  plane  fails  to  fall  on  the  retiqa.  The  defect 
is  corrected;by  placing  a  negative  lens  in  front  of 
the  eye  as  shown  in  figure  5-1 2B. 

f  •  * 

Hyperopia 
» 

Farsightedness,  or  hyperopia  (fig.  5-I3A),  is 
caused  when  the  refracting  mechanism  is  too 
weak,  and  the  image  from  close  objects  fails 
behind  the  retina.  Distant  objects  can  be  viewed 
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normally.  Hyperopia  is  corrected  by  placing,  in 
front  of  the  eye,  a  positive  lenj  of  proper 
strength  to  position  the  iinaj»f  on  the  retina 
I        dig  5  I2B)  . 

Usually,  if  you  arc  nearsighted  or  farsightcd, 
you  will  remove  your  eyeglasses  when  using  an 
optical  instrument  and  refocus  it  to  correct  for 
your  eye  deficiency.  Focusing  eyepieces  should 
have  sufficient  range  to  take  care  of  this  defect. 
*  A  range  of  plhs.  2  to  minus  4  diopters  will  cover 
about  98%  of  eyeglass  prescriptions. 

Eye  Strain  * 

;  '  ^  » 

Eye  strain  or  fatigue  is  usually  caused  by 
improper  ust/of  your  eyes,  or  in  other  words, 
trying  to  make  your  eyes  do  or  see  somethjjtig 
which  they  cannot  possiWv  do.  This  problem  is 
characterized  by  a  tens^lor  tired  feeling, 
blinking,  and  sometimes  headaches.  If  you 
concentrate  tbo  long  on  an  interesting  book,  try 
to  examine?  a  small  object  by  bringing  it  too 
close  to  your  eyes,  or-  use  an  improperly 
adjusted  optical  instrument,  you  will  feel  eye 
strain.  If  you  must  wear 'corrective  lenses,  you 
are  all  too  familiar  with  this  probjem  especially 
when  you  forget  your  glasses.  The  human  hrain 
tries  to  adjust  all  the  muscles  that  control  vision 
to  force  the  eyes  to  sec  what  it  knows  to  be 
correct,  putting  an  unnatural  burden  on  those 
muscles  and  causing  them  to  become  tired. 

You  can  avoid  eyestrain  by  wearing  glasses  if 
you  need  them  or  .by  resting  youf  eyes 
occasionally.  To  rest  the  eyes,  situply  look  away 
from  what  you  arc  concentrating  on  and  glanc6 
at  a  distant  scene  or  object.  The  eye  is  in  its 
most   relaxed  state  when   looking  into  the 
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distance.  If  you  do  this  too  ofttfn,  however, 
people  may  accuse  you  of  daydreaming. 


EYEPIECE  SYSTEMS 

As  you  learned  in  chapter  4,  a  positive  lens 
forms  a  jeal  image  at  its  focal  plane  by 
converging  the  light  rays  to  a  focus.  This  image 
is  rather  small  and  usually  too  cloSe  to  the  eye 
to  be  clearly  seen.  Thus  we  must  add  extra 
lenses  td  magnify  the  olijective  image  and  form  , 
an  image  suitable  for  comfortable  viewing.  The 
added  lens  or  combination  of  lenses  is  called  the 
^eyepiece  system  of  the  instrument.  The  eyepiece 
works  satisfactorily  if  it  will  form  a  virtual  image 
between  the  point  of  . the  mopt  distinct  vision  of 
the  eye  (usually  10  in.)  and  infinity.  Figure  5-14 
shows  the  construction  of  a  simple  telescope 
with  the  eyepiece  placed  in  a  position  where  the 
focal  plane  pf  the  objective  and  the  focal  plane 
of  the  eyepiece  coincfde,  . 

BASIC  FUNCTION 

In  general,  tlie  eyepiece  has  three  basic 
-  functions  in  an  optical  instrument. 

1 .  It  must,  with  the  objective,  form  a  good 
,    aberration-free  image  of  the  object  being  viewed. 

2.  It  must  serve  a$  a  magnifier. 

3.  It  must  be  designed  so  that  the 
observer's,  eye  can  be  placed  at  the  exit  pupil. 
Hence,  the  exit  pupil  mi6t  be  located  at  least  IQ 
to  1 2  mm  away  from  the  last  glass  surface,  this 
being  the  nearest  the  normal  6ye  can  approach 
the  eyepiece  surface  with  comfort. 
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The  objective  brings  nearly  parallel  light 
from  a  distant  object  to  a  focus,  turning  it  into 
diverging,  rays.  The  eyepiece  directs  these 
diverging  rays  as  a  parallel  beam  into  the  pupil 
of  the  eye.  Since  most  eyepieces  are  acUustable 
(focusing),  the  operator  can  focus  the  eyepiece 
to  obtain  a  comfortable' view  of  the  irn^e. 

Magnification  of  the  image  is  accomplished 
in  the  following  manner:  Parallel  light  (solkl 
lines  in  fig.  5-14)  enters  the  objective,  comes  Vb 
n  focus,  then  exits  the  eyepiece  as  a  parallel 
beam.  The  dottetl  lines  represent  light  cOmiiig 
from  a  point  on  the  target  a  distance  off  the 
optical  axis.  The  angle  of  light  entering  the 
objective  (abc)  indicates  the  convergence  angle 
presented  to  the  unaided  eye.  The- angle  ABC 
represents  the  convergence  angle  increased  by 
the  eyepiece. 

Opti(jal  instruments  may  be  classified  as:  (1) 
monocular,  for  use  by  one  eye  or  (2)  binocular, 
for  use  by  both  eyes.  Because  optical 
instruments  ^affect  functioning  of  the  eyes, 
tertain.  adjustments  must  be  made  to  the 
instruments  to  accommodate  thfcm  tD  each  eye. 
Most  people  have  a  dominant  eye  (one  which  is 
Msed  more  than  the  other)  so  the  eyepiece  on  a 
monocular  instrument  is  designed  to  allow  the 
operator  to  use  either  eye.  • 

Adjustment  of.  a  binocular  optical 
Instrument  requires  that  the  two  optical  systems 
of  the  unit  be  properly  aligned  with  bach  other, 


conform  to  the  interpupillary  distance  of  the 
eyes  of  the  observer,  and  allow  for  focusing  pf 
eftch  individual  eyepiece. 

*  REMEMBER:  You  can  sometimes  bring  the 
viewed  object  withip  focus  on  your  retinas  by- 
accommodation  of  your  eyes,  as  well  as  by 
adjusting  the  eyepiece  of  the  instrument.  A 
serious  error  often  made  by  a  novice  is  forcing 
the  eye  to  focus. 

Whert  you  allow  your  eyes  to  accommodate 
on  an  object  before  the  instrument  is  set  for 
proper  focusing,  your  eyes  will  be  unjier  a 
constant  strain.  The  correct  way  to  focus  an 
instrument  with  an  adjustable  eyepiece  is: 

1.  Allow  your,  eye  to  become  completely 
relaxed  by  viewing  a  distant  area. 

2.  Move  the  eyepiece  to  the  extreme  PLUS 
diopter  position  (all  the  way  c^t). 


3.  After  placing  the 
viewiog  position,  move  th 
until  the  image  of  the  ta 
If  you  go  past  the  point 
point  where  the  image 
NOT  attempt  to  refocus 
Instead,  back  the  eyepiece  put  again  to  the  full 
PLUS  position  and* start  over 


se  in  a  comfortable 
eyepiece  slowly  in 
is  sharply  defined, 
larp  definition  to  a 
comes  blurred,  DO 
from  this  position. 
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4,  When  fciu^sing  an 'instrument.  IX)  NOT 
squint  your  eye  or  in  ^ny  wny  put  a  strain  on  its 
muscl\>s'.  If  ^ou  do,  errors  in  setting  the  eyeptcee 
will  result  ni*eye  strairt  the  entire- time  you  are 
using  the  instrument. 

Be^cause  telescopes  with  a  maknification^f , 
4X.  or  less  pri^victi^  a  sulHciently  wide  range  of" 
'  accomtuodatioiW  ^a  sin^le-lbcus  sl'tfing  is 
satisfactory  for  most  users,  riiese  telescopes 
have  a  fixed-focus  eyepiece,  which  cannot  be 
adjusted  during  operation;  hence  the  name 
FlXI:D-FOCUS  TFLHSC  OPFS,  usually  with  a 
minus  3/4  to  minus  I  dioptric  sotting. 

NOMENCLATURE  • 

Eyepieces  in, general  iise  in  military  optical 
instruments  may  consist  of  one,  Iwo^  or  three 
lenses,  of  wjiich,  any  or  all  may  be  compound 
lenses.  The  field  lens  is  the  front  element  of  the 
eyepiece,  and  the  eyelens  is  the  rea>  element. 

Tht  area  behind   the  eyelens,  where  the 
diagonal  bundle  of  light  crosses  the  optical  axis 
(dotted  line,    fig.   5-14)  estabhshes  the  EYE  i 
DISTANCE  and   EXIT  PUPIL.   Figure  5-15rV 
^  illustrates  the  path  of  marginal  and  axial  rays  ^, 
through  two  types  of  eyepieces. 

The  field  lens  collects  light  from  Uie 
objective  image  phme,  which  would  otherwise  be 


lost,  i4nd  jlresents  it  to  the  eyelens.  If  a  tlrfrd 
felement  is  used,  it  is  called  the  intermediate  or 
center  lens,  and  it  functions  in  coi\junctit>n  with 
the  field  lens. 

TYPES ,  ,  ^  , 

General  types  of  eyepieces  used  in  optical 
<:ontrol  instruments  will  be  discussed  Iji  tl)c^ 
foilowiiTg,  paragraphs.  However,  you  must 
ymember  that  when  working  on  an  optical 
instrumen^t  you  will  often  find  modifications  to 
these  eyepieces.  The  designer  of  instruments  will 
use  the  basic  types  as  they  arc  shown  in  this 
chapter,  but  he  will  often  find  it  necessary  to 
make  some  changes  to  produce  a  igouality 
instnunent.  One  of  the  prime  concerns  of  an 
instrument  designer  is  to  eHminate  aberrations. in 
the  instrument.  The  proper  design  and  use  of  the 
eyepiece  can  be  very  useful  in  this  function  and 
will  be  discussed  under  the  separate  types  of 
eyepieces. 

The  Huygcns  eyepiece  (fig*  5-}  6)  is  .made  of 
twp/  single,  lenses.  (Usually  they  are  both' 
b;©qyexo-plano,  and  both  are  made  of  crown 
glass-:)  The  diagram  shows  three  rays  convergiitg 
tOj^astf  a  real  image.  The  field  lens  deviates  these 
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rays  slightly  am!  sends  thtm  toward  the 
^eyepiece.  Voii  can  see  that  without  the  field 
lens,  sofne  rays  wjll  miss  the  eyelens  entirely. 
The  field  lens  ensures  that  all  the  light  passing 
through  the  system  will  be  used  to  form  the 
final  image. 

'  .The  Huygens  eyepiece  minimizes  chromatic 
aberration,  in  a  way  we  mentioned  in  an^earlier 
chapt^  by  making  the  distance  between  the 
two  lei^e^  equal  to  half  the  sum  of  tJieir  focal 
lengths.  The  Huygen;!  eyepiece  '  has  some 
spherical  aberration,  but  it  is  not  very  noticeable 
•at  relative  apertures  less  than  about  f:7.  If  you 
'  want  to  use  it  at  an  aperture- greater  than  f:?-, 
you  must  overcorrect  the  objective  to 
compensate  for^thv^  spherical  aberration  of  the 
eyepiece.  ^ 

,  The  Huygens  eyepiece  can  be  made  entirely 
free  from  coma.  It  shows,  some  pin-cushion 
distortion,  which  in  many,  instruments  is  not 
objectionable.  It  has  a  NEGATlVE'astigmatism 
which  helps  correct  the  astigmatism  of  the 
objective.  >  ^ 

This  eyepiece  has  one  outstanding 
disadvantage:  since  the  image  U-^inside  the 
eyepiece,  you'  cannot  u?e  a  reticle,  The 
aberrations  of  the  ocular  as  a  whole  are 
corrected,  ^ut  those  of  the  eyelens  alone  are 
n^t.  So  if  you  put  a  reticle  in  the  image  plane, 
its  image  will  be  distorted  and  -Show  color 
fringes. 

The  magnlfVing  power  of  the  Huygens 
eyepiece  is  limited  to  about  lOX.  (If  you  make 
the  focal  length  shorter  than  about'  I  inch,  the 
e^it  pupilis  too  close  to  the  eyelens.) 


Ramsdcn 

Figure  5-17  shows  the  Ramsden  eyepie/e.  It 
is  made  of  two  plano-convex  lenses  of  Squal 
focal  length.  The  distance  between  them  i/ equal 
to  about  two-thirds  of  that  length.  The  £roW  is 
the  real  image  fonned  by  the  objective  I^s.  As 
you  can  see,  the  eyepiece  forms  an  enlarged 
virtual  image  at  infinity. 

The  Ran\sden  eyepiece  has  one  outstanding 
disadvantage:  chromatic  aberration  is  rather 
serious.  It  has  no  coma,  and  all  ^he  other 
aberrations  are  less  than  those  of  the  Huygens 
eyepiece.  Besides  controlUng  all  the  aberrations 
except  color,  the  Rttsden  has  another- 
.  advantage  over  the  Hu>;|ens:  you  can  put*  a 
reticle  in  the  image  plane' sinte  the  real  i«iage  is 
outside  the  eyepiece. 

Except  for  chromatic  aberration,  the 
Rarfisden  Is  a  desirable  eyepiece.  For  any  given 
focal  length,  the  eye  distance  is  about  1.5  tim«s 
that  of  the'  ftuygens,  so  you  can  use  a  higher 
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matsnifying  |H>wer.  Hu*  Aberrations  of  the 
Rainsclen  are  increased  less  than  those  of  the 
Huygens  by  shght  variations  in  the  focal  length 
of  the A>bjectiVe.  But  the  only  way  you  can 
ehminate  the  chromatic  aberration  is  by  forming 
the  ijnage  inskle  the  eyepiece^  and  then  you 
cannot  use  a  reticle. 

Kellner 

.  The  Kellner  eyepiece  (tig.  ,5-18)  is  a 
nioclification  of  the  Ramsclen,  the  only 
difference  being  that  the  Kelllier  eyelens  is  a 
doul)let.  The  Kellner  has  most  of  the  advantages 
of  the  Ramsden  and  rec^uces  the  chromatic 
aberration.  Spherical  aberration  is  slightly 
greater,  but  distortion  is  lef;s.'To  eUminate  the 
chromatic  aberration  Qompletcly,  you  would 
have  to  p\it  the  field  lens  in  the  plane  of  the  regl 


image,  but  then  ycni  could  not  use  a„  reticle. 
Mojl  instruments  fnM  use  the  Kellner  type 
eyeprtce  have  the'  tield  lens  \\  short  distance 
beyond  the  image  plane.  They  sacrifice  a  part  vf 
the  color  correction  in  order  to  use  a  retiek. 

Symmetrical  Y  ' 

and  Two  Df>ul>let 

Symmetrical  and  two-doHblet  eyepieces  arc 
const  Vuc  ted  of  two  cemented,  achromatic 
doublets  (fairly  close  *  together)  with  thgr 
positive  elements  facing  each  other  (f  igure  5-19). 
If  the  doublets  are  identical  in  every  respect 
(diameters,  focal  lengths,  thickness,  and  index  of 
refraction),  the  eyepiece  is  symmetrical,  ffrtlie 
doublets  differ  in  one  respect  or  anotXer, 
however,  they  are  considered  a  two-doubrct 
eyepiece.    The   eyelens   of   tlic  two-doubled 
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eyepiece  is  KeueraMy  sliglKly  smaller  in  diameter 
and  has  A  sljorior  focal  length  tiian  the  field  lensA 

Symmetrical  am!  twoAloublet  eycpjt>Lcs  are 
often  used  in  fire  control >  instrumems  which 
recoil.  The  eye  distance  on  these  instruments 
must  he  fairly  long  to  prevent  the  eyepiece  Ir6m 
striking  the  gunner's  eye.  These .  eyjjpieces 
provide  t^ie  necessary  eye  relief  as  well  as  a  large 
,«*JVPi!rii  at  nH.Hioriile  iiiagniacation,  I'm  this 
reason,  Tiymmetrical  eyepieces-  along  with  ^ 
Kellner  are  used  extensively  in  optical' 
instruments,  particufarly  ritle  scopes  and 
binoculars. 

Orthoscopic 

The  ortlioscopic  eyepiece  is  illustrated  in 
figure  5-20.  It  employs  a  planoconvex  triplet 
field  lens  and  a  single  plan'oconvex  eyclens  with 
the  curved  surfaces  of  both  elements  facing  each 
other.  It  is  tree  from  distortion  and  is  useful  in 
high-power  t<;iescopes  because  it  gives  a  wide  . 
field  and  high  magnification  with  sufficient  eye' 
rNief,  It  is  also  a  very  useful  eyepiece  for 
rangefinders  because  it  permits  the  use  of  any 
part  of  the  field.  It  was  named  orthoscopic 
because  of  its  freedom  from  distortion. 

Internal  Focusing 

Very  often  it  is  mamlatory  that  an 
instrument  be  completely  sealed  to  keep  out  " 
moisture  and  dirt.  To  do  this  and  still'be  able  to 
acCommotlate  for  the  visual  vari^jtions  between 
different  objjervt>ts,  then;  are  several  types  of 
internal  focusing  ey(;pi?ces  that  can  be  used. 
Tliese  usually  consist  of  three  elements.  One 


FIELD  LENS    EYELENS  >^ 


EYE 
DISTANCE 


type  i.s  illustrati;d  in  figure  5-11.  The  eyepiece 
has  a  Held  lens,  intermediate  lens,  an4  eyelens, 
jdl  of  which  are  cemented  doi\blets.  '  . 

•      *        V  >v 

The  field  lens  .  and  intermediate  lens  are 
mounted  in  a  cell  which  van  be  moved 
longiUidinally  by  rotation  of  the  focujuup  knob. 
The  eye^lens  is  fixed  and  acts  as  a  seaVfar  the 
eyepiece.  Figure  5-22  is  a  mcchimicm  dTi\wihg  of 
thejocusing  operation. 

Internal  focusing  eyepiece;?  are  not  limited 
to  the  threenloublct  combination  as  shown  in 
figure  5-21.  For  example,  theVk^I02  Mod  3 
telescope    has   a    triplet    field  Hel^s,  doublet 
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Figure  5-21  .-Internal  focusing  eyepiece. 
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principle  is  tlie  same  in  all  coinbmaf'ions,  the 
t'iokl  Ions  co!)vorgcs  liji^ht  rays  which  otherwise 
^woiikl  miss  thl*  ^iiUeriUediate  Jens^  aiul  the 
intennecliaK.lons  converges  light  which  woiilil 
otherwise  lifiss  the  eyeleus,  The  eyelens 
converges  light  to  itxc  exit  pupil,  ' 


srvrPLE 

TtLESCOPtS  ^ 

A  telescope  is  an  optical  instrument 
containing  a  sy stein  ot^ lenses  or  mirrors,  Visually, 
but  not  always^  havrtig  magniticatioipibroater 
than  unity,  which  renders  distynt  objects  more 
clearly  visible  by  enlarging  their  images  on  the 
o\  the  eye.  In  its  simplest  form,  a 
telescope  consists  of  two  parts:  a  lens,  or  mirror 
called  the  objective,  and  an  eyelens,  or  eyepiece. 

The  tunctioiv  ot  the  objective  is  to  gather  as 
much  light  as  possible  from  the  object  and 
cotwergl*  it  to  form  a  real  imag<^  of  that  object. 
lt\  son^e  telescopes,  the  objective  does  not  form 
a  real  image;  this  will  be  explained  later  in  the 
chapter. 

ASTRONOMICAL 

The  ancient  astronomers  had  only  the  naked 
eye  to> observe  and  record  the  relative  positions 
of  the  moon,  sun,  stars,  and  planets.  The 
invention  of  the  telescope  about  1600  A. D;  was 
a  niiuor  breakthrough  whicli  has  led  to  the 
highly  technical  instruments  that  are^used  today. 

In  the  process  of  refraction  and  reflection  by 
a  telcvscope  system,  the  image  becomes  inverted. 
With  astronomical  bodies,  it  makes  little 
difference  whether  or  not  the  object  is  viewed 
upside  down.  Telescopes  that  gfc^e  the  obscfyer 
an  inverted  vioW  are  called  astronomical 
telescopes.  Since  they -need  no  erecting  system; 
they  are  optically  more  simple.  For  this  reason 
we  study  them  jirst  in  our  attempt  to 
understand  the  general-nature  of  tl\e  telescope. 

Reflecting 

,ln  chapter  4  you  j^tudied  the  effect  that 
concave  tnirrors  have  on  light.  In  most 
astronomical  telescopes,  espccjaIFy  the  big  ones, 


the  objective  is  a  concave  mirror  instead  of  a 
lens,  I'here  arc  several  reasons  for'  this.  When 
you  are  looking  at  distant  stars,  you  want  the 
image  to  be  as  bright  as  possible.  The  brightness 
X)f  an  imiige  depends  on  the  diameter  of  the 
mirror  Utot  forms  it.  Tliere  is  no  light  lost  due  to 
passage  fnrough  optical  elements.  , 

There  is  a  practical  limit  to  the  diametef  of  a 
lens.  The  biggest  refracting  telescope  we  know 
about  is  at  the  Yerlces  Observatory ;  the  diameter 
of  its  objective  is  40  inches.  A  lensfnuch  bigger 
than  that  c6uld  not  be  mounted  in  a  telescope 
barrel.  In  the  first  place>  i^ would  not  be  easy  to 
cast  a  big  enough  pjece  of  good  optical  glass.  In 
the  second  place,  a  lens  bigger  than  40  inches 
would  sag  under  its  owrt  weight,  (RemeiVber, 
glass  is  a  liquid.)  The  lens  would  have^  to  be 
extremely  heavy,  and  it  could  be  supported  only 
at  its  edges.  It  may  easily  sag  20  or  30  raillionths 
of  an  inch,  which  is  all  the  sag  you  need  to  ruin 
the  image. 

Another  thing:  an  objective  lens  must  have 
at  least  two  elements  to  correct  aberrations, 
which  means  you  must  grind  and  polish  at  least 
four  surfaces.  With  a  mirror,  you  have  only  one 
surface  to  grind  and  polish.  And  of  course,  a 
mirror  has  no  chromatic  aberration.  Since  the 
light  does  hot  pass  through  the  mirror,  the  glass 
does  not  need  to  be  optically  perfect  all  the  way 
through. 

At  one  time,  the  biggest  reflecting  telescope 
in  the  world  was' in  the  observatory  on  Mt/ 
Palomar,  in  southern  California.*! ts  objective  is  a 
conpave  mirror  200  inches-at)out  17.  feet  in 
diameter.  The  Coming  Glass  Company  at 
Corning,  New  York  made  the  blank  for  it  from 
Pyrex  glass.  (I^rex  expands  and  contracts  less 
than  ordinary  glass  when  the  temperature 
changes.)  To  keep  it  from  developing  strains,  the 
mirror  was  annealed  in  an  electric  furnace.  Its 
temperature  was  reduced  just  r  each  day. 
Interestingly  enough,  the  Cohocoton  River  runs 
right  beside  the  glass  workrs,  and  in  1936  the 
river  flooded.  The  water  did  not  reach  the 
mirror,  but  it  took  out  the  power  line  and 
cooled  the  annealing  flirnace.  They  had  to  start 
all  over  with  a  new  mirror. 

/rhe  California  Institute  of  Technology  had 
spent  4  years  grii)ding  the  mirror  when  they' 
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wore  interrupted  by  World  War'Il.  After  the  war 
thi;y  fiiiishccl  the  grinding  and  P9lishing  and 
phited  t^ie  rcllecting  surface  with  »  thin  fihn  of 
ahMnini)|i.  They'  alsQ  completed  the  telescope 
mount.  The- mount  support's  the.  weigiit  of  the 
ol)jective.  and  the  platform  the  observer  stands 
on.  It  autoiijatically.  and  very  accurately -tracks 
the  stars  as  Uicy  move  acro.ss  the  sky. 

_  ^  •KM''<''s  5-23  and  5:24  illustrate  two  types  of 
refliy:ting  telescopes.  Notice  that  a  rcllecting 
element  is  placed  in  the  path  of  incident  light  in 
both  exaniples.  Since  the  concave  mii;jors  are 
rather  large,  and  since  incident  light  comes  from 
such  a  great  distance,  the  placement  of  a  small 
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Figure  &-23.-N««vtonian  rafltcting  ttltioop*. 


prism  or  mirror  in  the  path  of  light  will  have  no 
adverse  effect  on  the  final  image.  Also  notice 
that  the  imjiges  formed  are  located  outside  the 
body>  of  the  telescqpes,  allowing  direct 
observation  of  celestial  targets  or  .substitution  of 
a  photographic  plate  for  the  eyepiece.  ' 

Refracting 


rjn( 


Figure  5-25  shows  a  simple  astri^nomical 
telescope.  We  will  use  this  illustration  to  explain 
various  optical  principles  common  to  more 
complig»fed  arrangements  presented  later.  Nofc 
that  the  parallel  liglvtray's  entering  the  objective 
lens  are  refracted  aii^^ftvergc  to  a  focal  plane. 
(The  image  plane  and  the  focal  plane  coincide 
when  parallel  rays  are  retracted  by  any  lens.)  In 
the  focal  plane'  of  the.  objective  lens  a  real, 
ijiverted,   reverted,  diminished   image  of  the 
object  is  fonned.  The  eyepiece  is  so  placed  that 
the  image  formed  by  the  objective  lens  is  located 
at  the  primary  focal  point  of  the  eyepiece.  The 
diverging  rays,  diverging  from  the  real  imijge, 
enter  the  eyepiece,  are  refracted,  and  emerge 
parallel  to  the  optical  axis  of  the  telescope.  The 
eyepiece  acts  as  a  magnifying  lens  to  magnify 
the  real  imijge.  If  you  look  through  the  telescope 
eyepiece,  you  see  a  virtual,  inverted,  reverted, 
enlarged  image  wlych  is  formed  at  infinity. 
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FIgurt  5-24.--Cantgranian  r«f  Ivoting  tctcieop*. 
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Figure  5-26.-Simp|e  attronomical  telescope.. 


In  cUi  astronomical  telescope  in  which  the 
fociiil  points  of  the  objective  lens  and  the 
eyepiece  lens  coincide,  the  length  of  the 
telescope  is  the  mm  of  the  local  lengths  of  the 
two  lenses.  ' 

Before    you    can    fully    understand  the^ 
'  telescope,  you  must  have  a  thorouj^h  knowledge 
of  several  other  optical  terms,  ^.y^     "  ^ 

FREK  APE^ TORE:  A  term  that  denotes  the 
entrance  pupil  of  the  objective  wliich  is  Umited 
by  the  inside  diameter  of  the  objective  mount  or 
the  inside  diameter  of  the  objective  lens  retainer 
ring  (FA  in  figure  5-3$).  The  entrance  pupil  can 
be  view\?d  as  such  from  the  objective  end  of  the 
instrument,  and  it  can  be  measured  with  arruler 
directly  across  the  objective. 

EXIT  PUPIL:  The  term  given  the  diameter 
of  the  bundle  ofliglu  leaving  an  optiqal  system. 
You  can  see  this  small  circle,  or  disk  of  light,  by 
looking  ^t  the  eyepiece  of  an  instrument  that  is 
directed  at  m  illuminated  area,  The  exit  pupil  is 
actually  a  real  image  of  the  objective  lens 
^aperture.  The  diameter  of  the  exit  pupil  is  equal 
to  the  diameter  of  the  entrance  pupil  divided  by 
jtht^  magnification  of  the  instrument.  The  exit 
pupil  is  designated  BP  in  figure  5-25, 
,1 

BYE  DISTANCE:  Often  called  eye  relief, 
'  the  term  given  to  the  numerical  measur^  of  the 
distance  from  the  rear  surface  of  the  rear  eyelens 
to  the  fixed  position  of  the  exit  pupil  (fig.  5-26). 
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TRUE  FIELD:  TheWidth  of  the  target  area, 
or  field,  that  can  be  vurVed.  More  specifically,  it 
is  the  maximum  cone  or  fan  of  pays,  subtended 
at  the  entrance  pupil,  that  is  transmitted  by  the 
histrument  to  fonn  a  usable  image  (fig.  5-27), 


APPARENT  FIELD:  The  size  of  the  field  of 
view  angle  as  it  appears  to  the  eye.  It  is 
approximately  equal  to  the  magnification  of  the 
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Figur*  5>^26.-Eyt  diitanct  and  txit  pupil  plan*. 
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TERRESTRIAL 
TELESCOPES 


A  terrestrial  telescope  gets  its  name  from  the 
Latin  word  terift,  which  means  earth.  A 
terrestrial  telescope  is  used  to  view  objects  as 
they  actually  appear  on  earth,  normal  «|iderect. 

Galilean  Telescope 


The  simplest  form  of  terrestrial  telescope 
,  was  invented  by  the  scientist  Otlileo.  His  first 
telescope  had  a  power  of  30  (fS?  5.-28A).  Its 
ey,ep*cge  consists  of  a  negative  eyelens 
positioned  a  distance  equal  to  its  foc^l  length  (f^ , 
fig.  5-28B)  in  front  of  the  objective  focal  point! 
Such  positioning  of  the  negative  eyelens  makes 
converging  rays  from  the  objective  divergp 
before  they  form,  a  real  image;  therefore,  no  real 
image  exists  in  this  optical  system.  If  you  look 
through  the  eyelens  ypu  see  an  enlarged,  erect, 
virtual  image  of  the  object,  which  appears  to  be 
.  at  a  point  between  1 0  inches  and  infinity. 


The  relation  of  the  optical  elements  in  a 
Galilean  telescope  (fig.  5-28B)  is  referred  to  as 
the  ZERO  DIOPTER  SETTING,  which  means 
that  all  light  rays  from  any  point  source  located 
at  infinity  emerge  from  the  eyepiece  parallel.  If 
the  eyelens  is  moved  in  and  out,  however,  the 
emergent  light  Tays  converge  or  diverge  and  the 
instrument  can  therefore  be  adjusted  for  either 
farsighted  or  nearsighted  eyes  and  also  for 
objects  at  various  distances. 

In  a  Galilean  telescope,  the  diameter  of  fke 
objective  controls  the  field  of  view-  because  Ihe 
Objective  is  both  the  field  stop  and  the  free 
aperture.  No  exit  pupil  is  f9rmed  because  there 
is  no  real  image  plane  in  this  system. 
Magnification  in  a  Galilean  telescope  is 
accomplished  by  increasing  the  visual  angle,  as 
shown  by  the  dash  line  in  figure  5'28A.. 


Lens* 

Erecting  Systems 


Any  astrqnomical  telescope  can  be 
converted  to  a  terrestrial  telefecope  by  inserting  a 
lens  between  the  eyepiece  tfnd  the  objective  to 
erect  the  image.  Figure  5-29  shows  the  optical 
elements   of  the  |>asic  form  of  terrestrial 
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Figure  5-28.-Galil0an  tdeicops* 
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telescopes.  Note  the  position  ot  tlic  RFAL 
IMAGFS. 

In  uddition  to  erecting  the  image,  proper 
positioning  of  the  erector  systeni  can  also  have  a 
direct  effect  on  tlie  magnification  of  the 
instniment.  The  possible  arrangement  of  optical 
elements  in  a  single  erector  telescope  is 
illustrated  in  figure  5-30.  Note  that  the  parallel 
rays  entering  the  objective  lens  from  an  infinity 
"target We  refracted  to  form  a  real  inverted  itruige 
In  the  focal  plane  of  tiie  objective ^ lens.  Rays 
which  leave  the  real  image  diverge  as  though  the 
image  itself  were  an  object.  When  you  place  an 
erector  lens  behind  the  objt^tive  image,  the 
erector  receives  the  diverging  rays  and  refracts 


them  to  form  an  image  behind  the  erector.  The 
image  fbrmed  by  the  erector  is  then  magnified 
by  the  eyelcns.- 

In  figure  5-30A,  the  erector  is  2  focal  lengths 
from  the  objective  image  plane,  and  the  image 
the  erector  forms  is  2  focal  lengths  from  the 
erector.  As  you  recall  from  chapter  4,  the  two 
images  will  be  the  same  size.  Consequently,  the 
magnlTication  of  tills  terescope  will  depend  on 
the  focal  length  of  the  objective  (f,,)  divided  by 
the  focal  length  of  the  eyelens  (f^). 
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Now  refer  to  figure  5-30B.  Notice  that  the 
erector  is  located  3  focal  lengths  from  the 
objective  image  plane  and  that  it  forms  an  Image 
1  1/2  focal  lengths  behind  the  lens.  In  this  case, 
the  erector  will  change  the  size  of  the  image 
presented  to  the  eyelens. 

Remember  the  formula  magnification 
explained  in  chapter  4: 


If  D^^  is  3  focal  lengths  and  is  I  1/2  focal 
lengths,  then: 


/ 


the  image  formed  by  the  erector  is  only  half  the 
size  of  the  objective  image. 

What  will  this  do  to  the  magnincation  of  the 

telescope?  Assume  the  objective  focal  length 

(fy )  is  4Mnclies,  and  the  eyelens  focal  length  (f^) 

is  1  inch:  / 
$ 

M  --^    T  power 

Now,  multiply  rthe  basic  telescope 
magnification  (4/-  by  the  magnification  oF  the 
erector  (.5): 

( 

4  X  .5=  2  power 

Figure  '^-30C  shows  the  positicm  of  the 
erector  lens  reversed  in  relation  to  figure  S-30B. , 
How  will  this  affect  the  magnification  of  the 
telescope?  (Use  the  same  figure's  as  in  the 
previous  example). 


Erector  magnification  equals: 

Di      1  ^ 
Do     15  ^ 

Basic  telescope  magnification  equals: 


Total  magnification  e(|uals: 
4X2  =  8\ 

Figure  5-30A  illustrates  a  basic  terrestrial 
telescope  with  a  magnification  of  4  (sometimes 
shown  a^  4X),  Depending  on  the  position  of  the 
erector  lens,  magnification  can  be  changed  .to  2X 
(figure  5-30B)  or  8X  (figure  5-30C).  What  wc 
have  demonjrtrated  IS  -jr  change  of  power,  or 
change  of  magnification  system. 

Change  of  power  in  an  optical,  s)^tem 
depends  on  the  law  of  reversibility,  "Figure  5-31 
shows  the  conjugate  points'  (A  ana  B)  which 
correspond  with  lens  positions  (C  and  D),  One  is 
just  the  reverse  of  the  other. 

The  image  planes  (A^r  B)  do  not  change 
when  the  lens  is  in  position  C  or  D  (fig,  5-31), 
For  any  other  position  of  the  lens,  the  observer 
could  not  focus  on  tli£  final  image  with  the 
eyepiece.  Therefore,  the  erector  must  be  at  one 
or  the  other  position  to  take  advantage  o£  the 
conjugate  points, 

T)vo-Erector 

Refer  to  figure  5-32  to  see  how  a  terrestrial 
telescope  with  two  efecting  lenses  is 
constructed.  The  Erectors  shown  arc 
SYMMETRICAL:  that  is,  they  are  identical  in 
every  respect-diameter,  thickness,  index  of 
refraction,  and  focal  lengths.  ASYMMETRICAL 
erectors  (with  different  focal  lengths)  may  also 
be  used  in  this  type  of 'telescope  for  design 
purposes  or  to  help^  increase  magnification^ 
which  the  objective  and  eyepiece  alone  could 
not  do. 
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Tlie  erecting  lens  is  positioned  1  focal  length 
from  the  objective  focal  plane.  The  divergent 
rays  which  enter  the  erecting  lens  are  refracted, 
and  emerge  parallel  to  the  optical  axis. 

Since  the  rays  that  emerge  from  the  first 
erecting  lens  are  parallel,  the  second  erecting 
lens  may  be  placed  at  any  reasonable  distance 
from  the  first  erector,  because  the  rays  which 
enter  the  second  erecting  lens  are  always 
parallel,  regardless  of  the  amount  of  lens 
separation.  Separation  of  the  erectors  'in 
fixed-power  telescopes  is  generally  the  sum  of 
their  focal  lengths. 

Parallel  rays  which  enter  the  sdcond  erecting 
lens  are  refracted  ^^nd  converge  to  the  focal 
plane  to  form  a  real,  erect  image. 

'♦/ 

The  eyepiece  of  thr  telescope  is  again 
positioned  as  necessary  to  have  the  image  of  the 
second  erector  at  its  focal  plane.  If  you  look 
through  the  eyepiece  of  the  telescope,  you  see  a 
virtual,  erect, jsnlafged  image. 

A  two-erector  telescope  can  also  be 
constructed  as  a  change  of  power  instruinent  by 
moving  the  erectors  together  as  %  unit  in  the 
same  direction  (^^th  their  separation  fixed). 
Their  distance  from  the  real  image  formed  by 
the  objective  lens  must  be  1  1/2  EFL,  or  3  EFL 
of  the  erecting  lens  combmation.  The  two 


erecting  lenses  function  together  as  a  single  thick 
lens  to  produce  an  image  in  the  same  manner  as 
the  single  erector  lens  used  for  the  same 
purpose. 

Most  optical  systems  are  designed  to 
magnify  a  target.  An  important  fact  to 
remember  about  magnification  is  that  when 
power  (magnification)  is  increased,,  the  field  of 
view  decreases;  you  can  see  details  of  the  targejt 
better  when  magnified,  but  you  cannot  see  as 
much  of  the  target. 

When  using  a  hand  held  optical  instrument, 
any  movement  you  make  will  be  increased  in 
direct  proportion  to  the  power  of  th 
instrument.  For  this  reason,  hand  hel 
instruments  arc  usually  limited  to  about  6X.  The 
Navy  does  use  several  types  of  telescopes  at  lOX 
and  16X,  but  they  are  very  difficult  to  hold  on 
target. 


Variable  Power 

With  a  variable  power  telescope  you  can 
change  the  magnification  continuously  between 
two  limits.  If  you  look  through  a  variable  power 
instrument  and  gradually  increase  its 
magnification,  you  will  get  the  same  effect  that 
a  television  or  movie  cameraman  gets  when  he 
zooms  in  on  an  object.  It  appears  as  if  the 
camera  is  moying  toward'  the  subject  while  the 
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action  is  going  on.  Kven  simple  home  movie 
'"cameras  have  this  feature. 

In  the  change  of  power  telescope  (fig.  5-30), 
there  are  only  two  positions  of  the  erecting  lens 
for  which  the  two  image  planes  are  conjugate; 
that  is  you  cannot  vary  the  power  continuously 
because  the  image  will  be  out  of  focus  when  the 
*  enacting  lens  is  in  an  intermediate  position.  The 
only  way  to  keep  the  two  image  planes 
cunjTlgatC  IhtougflOu!  Ihe  travel  of  Ihe  drecfor 
lens  is  to  change  its  focal  length  continuously 
while  you  move  it. 

It  is  impossible  to  change  the  focal  of  a  lens, 
but,  if  two  lenses  are  used  in  combination 
(figure  5-33),  you  can  vary  the  EFL  of  the 
combination  and  still  maintain  the  same  focal 
plane. 

In  figure  5-33,  the  object  is  the^bjective 
image  plane.  At  tlie  low  power  ppsiition  (fig. 
5-33A),  there  is  little  difference  between  the  size 
of  the  two  images.  In  figure  5-33B,  both  lenses 
are  moved  different  distances  toward  the 
objective,  and  a  significant  enlargement  of  the 
image  is  produced  by  the  erector  Combination. 
Notice  that  the  image  plane  remams  stationary, 

.At  any  position  between  the  w^i^fifid  high 
power  positions  of  the  erectors^  the  image  will 
be  in  sharp  focus  if  the  mechanism  that  moves 
the  erectors  is  properly  designed.  A  variable 
power  system  will  usually  provide  three  to  four 
times  as  much  magnification  in  the  high  power 
position  than  in  the  low  power  (3X  to  9X  or  6X 
to  24X  rifle  scopes). 
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Prism  Erecting  Systems 


Thus  far,  we  have  discussed  telescopes  with 
one  or  two  erecting  lenses  and  a  straight  line  of 
sight  to  the  target.  The  Navy  uses  many  ty|>es  of 
instnmients  which  must  present  an  erect  image, 
but  prisms  are  used  as  erectors. 

Figure  5-34  iHustmtes  ti  telescope  witii  twa 
porro  prisms  placed  within  the  focal  length  of 
the  objective  lens.  As  you  recall  from  Chapter  3, 
two  porro  prisms  invert  arid  revert  the  line  of 
sight.  Thus,  they  cancel  the  inverted,  reverted 
objective  image  and  the  observer  vieSvs  an  erect, 
normal  image. 

A  porro  prism  cluster  used  in  this  manner 
will  provide  a  very  compact  instrument.  Trace 
the  p&th  of  light  through  the  prisms,  then 
imagine  how  much  longer  the  instrument  would 
be  if  an  erector  lens  were  used. 

The  line  of  vsigKt  through  an  instrument 
using  a  prism  cluster  will  be  offset  but  still  will 
be  considered  a  straight  line  telescope. 

In  figure  5-35.,  a  90""  roof  edge  or  Amici 
prism  is  used  as  an  erector.  Some  similar 
instalments  use  a  60*^  roof  edge  prism.  In  either 
case,  the  line  of  sight  is  deviated  but  the 
>server  views  an  erect,  normal  image. 
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F.igurt  6-36.-Amici  pritm  tracting  tyttftm. 


Various  other  combinations  of  prisms, 
hiirrors.  and  lenses  are  used  in  military  optical 
instruments,  most  ot  which  you  will  see  later, 
The  optical  system  i^sed  in  any  particular 
instrument  depends  on  how  the  instrument  will 
be  used  and  where  it  will  be  mounted. 

GUNSIGHT  TELESCOPES 


The  Navy  uses  a  wide  variety  of  terrestrial 
telescopes  as  gunsiglit^s,  some  of  which  are  very 
complex  in  their  construction.  This  section  wiH 
give  .you  a  basic  understanding  of  the  function 
and  design  principles  of  the  telescope  used  as  a 
fire control  instrument.^  Some  of  the  simple 
gunsiglit  telescopes  are  covered  in  more  detail  in 
another  chapter  of  this  book.  Anytime  an 
Opticalman  engages  in  repair  or  overhaul  of  a 
particular  gunsight,  or  any  optical  instrument, 
^  he  must  ALWAYS  use  the  technical  manual  that 
applies  to  that  instrument. 

The  gunsiglit  telescope  is  used  to  improve 
the  view  of  distant  targets  as  follows: 

L  It  gathers  and  concentrates  a  greater 
quantity  of  liglit  from  the  target  th<ui  the 

FRir  . 


unaided  eye  can  gather,  thus  reiiderir»g  the  target 
nu)rc  distinct. 

2.  It  erects  the  target  image  and 
.superimposes  a  reticle  upon  it,  thus  sharply 
defining  the  line  of  sight  to  the  target. 

3.  It  magnifies  the  target  image  so  that  the 
distant  target  appears  closer. 

In  many  instances,  the  eyepiece  of  gunsight 
telcscopcs\is  inctlned  at  rnigte  vvtThTcspect  To 
the  line  oh  sight,  so  that  the  obsfci-ver  can 
comfortably  view  largets  at  various  angles. 

Reticles,  such  ;is  those  shown  in  figure  5-36, 
are    used    in    fire    control    instruments  to 
superimpose    markings    or   a  predetermined', 
pattern     range  and  deflection  graduations  on  a 
target.  When  the  reticle  is  placed  in  the  center  of 
the  field  of  view,  it  represents  the  axis  of  the 
gunsight  and  then  can  be  aligned  with  (he  axis  of 
the  bore  of  the  weapon  for  short  range  Tiring,  or 
it  can  be  fixed  at  a  definite  angle  to  the  bore  for 
lotigSmn^  firing.  A  reticle  is  used  as  ii  reference 
for  sigtrttng  or  aiming,  or  it  can  be  designed  to 
measure  angular  distance  between,  two  points, 
Since  the  reticle  is  placed  in  the  same  focal  plane 
as  a  real  image,  it  appears  superimposed  on  the 
target.  In  a  gunsight  that  has  a  lens  erecting 
system,  the  reticle  can  be  placed  either  in  the 
objective  image  plane  or  in  the  erector  focal 
plane.    If    the    erecting  v^ystem  increases 
magnification,  when  the  reticle  is  placed  in  the 
image  plane  of  the  objective,  the  reticle  lines  will 
appear  wider  than  if  they  were  placed  at  the  ■ 
focal  point  of 'the  eyepiece.  Therefore,  the 
reticle  usually  is  placed  Ijjehind  the  erecting 
system. 

Parallax  , 

» 

Parallax  in  an  optical  instrument  Is  a  defect 
of  primary  im|X)rtance,  In  a  correctly  adjusted 
instrument,  the  image  of  the  viewed  object  is 
formed  in  the  same  plane  as  that  in  which  the 
reticle  lies.  If  this  does  not  occur  (fig,  5-37), 
parallax  is  present.  You  can  .detect  parallax  by 
moving  your  eye  back  and  forth  across  the 
eyepiece  of  the  instrument.  The  appearance  of 
relative  motion  between  the  reticle  and  the  field 
of  view  indicates  the  presence  of  parallax  (fig. 
5-38), 
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To  correct  for  parallax,  shift  the  optical 
cletrtents  of  tho^telescoiJe  until  the  reticle  lies  in 
the  precise  planfe  of  the  ilal  image.  The  technical 
manual  for  each  type  of  instrument  gives 
detailed  procedures  for  making  this  adjustment. 

TELESCOPE 
MAGNIFICATION 

In  our  explanation  of  various  types  of 
telescopes,  we  have  discussed  magnification  and 


the  various  methods  of  determining  the  power 
of  an  optical-  system.  It  is  appropriate  that  we 
now  review^nd  amplify  these  procedures. 

To  determine  .the  power  of  a  telescope 
WITHOUT  A  LENS  ERECTING  SYSTEM,  there 
are  three  methods  which  can  be  used: 

1 .  Divide  the  focal  length  of  the  objective 
by  the  focal  length  of  the  eyepiece  (EFL): 
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licUl. 


2.   Divide  the  apparent  field  by  the  trile 


Tvue  field 


3.  Divide  the  objective  lens  opening  (free 
aperture)  by  the  size  of  the  exit  pupil; 


To  determine  the  power  of  a  telescope  with 
a  lens  erecting  system,  you  must  multiply  the 
formula  Oo/^c)  magnification  produced 

by  the  erector  lens  system  (Dj/D^  ). 
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Tlic  other  two  rornuilas,  App  Field/1  rue  riokl 
arul  FA/HP  will  work  for  any  optical  system. 

Most  optical  jt^sd  nnu  iUs  have  aijT  attached 
.namepjate  which  indicates  the  power  (3X,  6X, 
I  OX,  etc.).  Technical  manuals  on  optical 
equipment  have  all  specifications  lor  the 
instruments  listed  (powiTr,^  apparent  field,  true 
fleld,  length,  weight,  type  of  injiument). 

  At  times  you  may  be  calle^n  to  work  wit!i 

Ij  an  unfamiliar. i^istrument,  or  you  might  need  to 
determine  certain  characteristics  of  a  portion  of 
the  optical  system.  In  such  cases,  you  will  find 
the  infornuition  containetl  in  this  mamial  most 
useful. 

You  will  recall  that  entrance  pupil  mcimsthe 
clear  aperture  of  tl\e  objective,  and  thaythe  exit 
pupil  is  the  diameter  of  the  bundle  of  light 
which'^lcaves  an  optical  system.  The  exit  pupil  is 
actually  an  image  of  the  objective  lens  produced 
by  the  eyelens. 

You  can  measure  the  diameter  of  the 
entrance  pupil  with  a  transparent  metric 
scale -directly  across  the  objcctive/Hiis  method 
of  measurement  is  sufficiently  accurate  for  most 
purposes. 


You  can  determine  the  di^uneter  of  the  exit 
pupil  of  a  telescope  in  three  simple  steps: 

1.  Point   the   instrument  toward  a  light 
source  (out  a  window,  for  example). 

2.  Insert  a  piece  of  plain  paper  in  the  plane 
of  the  exit  pupil. 

3.  Measure  the  diameter  of  the  exit  pupil 
on  tilt  paper.   

The  best  way  to  measure  the  diameter  of  an 
exit  pupil,  however,  is  with  a  ^lynameter.  See 
figure  5-39.  A  dynameter  is  a  magnifier  or  an 
-eyelens  with  a  fixed  reticle  on  a  frosted  glass 
plate,  both  of  which  move  as  a  unit  within  the 
dynameter  tube. 

To  measure  the  exit  pupil  witli  a  dynameter, 
place  the  dynameter  on  the  eyepiece  of  the 
instrument  you  are  testing,  and"  focus  the 
dynameter  until  the  bright  disk  of  the  exit  pupil 
is  s)iarply  defined  on  its  frosted  reticle.  Then 
compare  the  diameter  of  the  exit  pupil  with  the 
xlynamcter  reticle  (usually  graduated  in  .5  mm) 
and  read  the  eye  distance  on  the  scale  on  the 
dynameter  tube. 

To  keep  the  image  of  the  exit  pupil  in  focus, 
the  frosted  reticle  must  be  moved  a  distance 
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ci|iial  to  the  oyo  distance  of  the  instriunonts 
l>i.'ing  tested, 

•/  You  have  already  learned  t!»at  the  true  field 
/of  an  optical  instrument  is  tile  angular  area  of  a 
/ tari',et  which  can  be  transmitted  through  the 
objective  of  an  instrument  to  fonn  an  image. 
The  apparent  lield  is4he  Auount  this  small  angle 
is  ntagmlied  by  the  eyepieev  system.  . 

You  can  approximate  the  actual  amount  of 
a|)parent  aod  true  field  of  an  instnmicnt  by 
using  the  tollowing  procedure: 

N 

PoiiU  the  instrument  you  are  testing  toward 
a  prominent  target  and  adjust  it  to  a  sharp  focus. 
Observe  some  distinctive  feature  of  the  target  at 
/lie  extreme  left  and  right  sides  of  the  field.  Now 
^lay  a  plastic  protractor  on  a  table  orwindowsill 
^and  put  a  small  straight  pin  through  the  center. 
Using  the  pin  as  a  sight,  place  a  card  on  the 
curved  edge  of  the  protractor  and  align  the  pin, 
card  edge,  and  one  edge  of  your  selected  target. 
Next,  without  moving  your  head  or  the 
protractor,  align  another  card  with  the  opposite 
side  of  your. selected  target.  You  can  read  the 
approximate  true  field,  in  degrees,  from  the 
protractor.  If  you  are  very  careful,  you  may  be 
accurate  to  within  1/2  degree. 

To  determine  flie  apparent  field,  turn  the 
itlstrument^round,  look  at  a  target  through  the 
objective  lolis.  and  align  the  extreme  edges  of 
the  field  with  some  easily  distinguished 
landmarks.  Now,  repeat  the  procedure  with  the 
protractor  to  detertnine  the  size  of  the  apparent 
field  angle. 

Remember,  if  you  are  using  a  telescope  of 
6X  to  loQk  at  a  target  througli  the  objective  end, 
the  target  vyill  only  be  1/6  as  large  as  it  appears 
to  your  unaided  eye.  Therefore,  you  must  select 
very  prominent  features  at  the  edges  of  the  field 
if  you  attempt  to  tneasure  apparent  field  in  this 
manner.      "  '  . 

THE  MICROSCOPE  ■ 

An  Instrument  that  is  used  to  produce  an 
enlarged  Ittiage  of  very  small  nearby  objects  is 


called  a  niicroscope.  Microscopes  are  of  two 
_  types,  simple  xind  compound.'  A  simple 
microscope  produces  but  one  image  of  an  object 
and  consists  of  a  convergent  lens  locatt^rat  the 
first  focal  plane  of  the  eye.  In  effect,  this  is  just 
a  simple  magnifying  lens  as  covered  in  chapter  4. 
In  a  com|x)und  microscope,  the  objective  lens 
forms  a  primary  image  which  is  further 
magnified  by  the  eyepiece. 

You  perhaps  Jsed  a  compound  microscope 
to  look  at  niinut*pl«nts  and  animals  when  you 
were  in  high  school.  Such  an  optical  instrument 
so  magnifies  small  objects  that  it  increases  the- 
usefuhiess  of  the  eyes  ixi  short  distances.  The 
eyes,  by  nature,  are  long-range  optical 
instruments  of  high  acuity. 

Refer  now  to  figure  5-40,  which  shows  one 
of  the  simplest  types  of  compound  microscopes. 
Study  all  details  ami  the  nomenclature.  Note  the 
position  of  the  eye,  the  eyepiece,  the  objective, 
and  the  object.  Then  observe  the^ositions  of 
the  real  and  vjrtual  images.  rUj|  illustration 
should  clarify  much  of  the  information  you  have 
studied  concerning  image  formation, 
magnification,  »and  the  relationships  between 
focal  length  and  image  and  object  distance^. 

To  find  the  magpification  of  a  compound 
microscope,  you  must  do  two  things:  First, 
ifetermine  the  magnification  of  the-  objective; 
then  multiply  by  the  magnifying  power  of  the 
eyepiece. 

Suppose  the  objective  has  the  following 
characteristics: 

=  5  Dj  ?=  6  itvches 
then:  ,  .  ' 

If  -the  eyepiece  has  a  focal  length  of  .5, 
then: 
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The  magnification  of  the  microscope  is 
therefore: 

1 2  X  20^  240  power 

Magnification  in  a  microscope  depends  upon 
the  focal  lengths  of  the  objective  and  the 


eyepiece  and  the  distance  between  these  two 
optical  elements.  A  compound  microscope  can 
magnify  an  object  about  2,000  times 
(diameters),  but  little,  if  any,  increase. in  the 
details  of  an  object  is  obtained  after  the  object 
has  been  magnified  400  times. 
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'    CHAPTER  6 

DESIGN  ^ND  CONSTRUCTION 


MECHANICAL  FEATURES 


Optical  instruments  irsed  in  the  Navy  are 
complicated,  delicate,  precision  instruments.  A 
small  error  in  alignment,  a  foreign  particle,  or  a 
trace  of  moisture  can  render  such  an  instrument 
ineffective  or  useless.  These  delicate  instruments 
get  almost  constant  use  and  are  subjected  to  all 
kinds  of  weather  cotiditions  and  rougli 
treatment,  To  keep  them  in  working  condition, 
the  Navy  depends  on  your  skill  as  an  Opticalman 
and  the  mechanical  design  of  the  instrument. 
Tlie  mechanical  design  is  Important  to  the 
instrument's  effectiveness  because  it  controls  the 
stability  and  cleanliness  of  the  optical  elements, 


jnc 
o 
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BODY  HOUSING 

The  construction  of  an.  instrument  housing  is 
influenced  by  three  factors:  the  location  of  the 
instrumi^nt  when  in  use;  what  the  instrument  is 
used  for;  and  the  arrangement  within  the 
housing.  For  example,  the  housing  of  a  pair  of 
binoculars  is  not  subjected  to  the  same  pressure 
as  a  subtnarine  periscope,  nor  is  a  binocular's 
line  of  sight  offset,  like  thaL^of  a  periscope. 

Figure  6-1  illustrates  a  Mk  74  gunsight 
whose  housing  is'  rather  smalf  and  simple  in 
construction*  The  housing  weighs  about  15 
pounds  and  contains  1 1  optical  elements  with  a 
line  of  sighj  that  is  deviated  90^. 

Figure  6-2  illustrates  a  Mk  67  gun3ight 
whose  .housing  is  large  and  very  complex.  The 
housing  of  the  Mk  67  gunldght  weighs  about  135 
N|)ounds  and  contains  17  optical  etements.  These 
ge.  telescopes^  when  fixed  ih  pp»tion  ori  agun 
lount,  offset  the  lihe  of  sight  about  2  feet  and 
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Figurt  6*1.-Houilna  ftsturti  of  Mk  74  auniight. 
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enable  you  to  follow  last-moving  targets  without 
changing  body  position.  The  line  of  sight  is 
elevated  and  dellected  by  rotating  prisms  that 
are  driven  by  shafts  lyrtl  gears  in  the  sight 
mechanism. 

Note  the  differences  in  the  housings  In 
figures  6-1  and  6-2,  and  note  the  location  of  the 
optical  elements  in  the  two  gunsights.  All  of 
these  elements  jnust  be  positioned  and  secured 
in  the  housing  so  that  they  will  remain  in  place 
under  normal  circumstances  and  will  not  impair 
the  effectiveness  of  the  instrunittnt  through 
unwanted  movement. 

Material 

The  material  used  to  construct  the  body 
housing  is  selected  with  reference  to  the  specific 
instrument.  If  the  instrument  is  to  be  hand  held 
■  and  portable,  the  material  must  be  lightweight 
yet  strong  enough  to  withstand  the  shock  and 
abuse  it  may  be  subjected  to.  Cast  nilumin  urn 
and  magnesium  alloys  are  usually  used  for 
binocular  bodies  and  some  portable  straight  line 
telescopes. 

Gunsight,  telescopes  are  mounted  directly  on 
turrets  and  gun  mounts  where  they  receive 
considerable  shock  Most  housings  of  gunsight 
telescQpes  are  made  from  cast  bronze  or  steel 
alloys  which  are  strong  enough  to  support  and 
protect  the  optical  and  mechanical  components 
of  the  telescope.  The  material  specifications  for 
a  telescope  housing  are  shown  on  the 
apgif^ate  drawirtg,  and  an  Opticalman  should- 
know  the  type  of  material  he  will  be  working 
with  before  he  attempts  any  repairs  to  the 
housing. 

Arrangement 

The  location  of  the  optical  and  mechanical 
components  of  an  instrument  is  a  prime  factor 
in  determining  how  .  a  housing  must  be 
constructed:        ,  ^ 

Figure  6-3  is  a  cutaway  view  of  the  Mk  102 
Mod  2  telescope,  showing  the  complexity  and 
importance  of  a  .housing  arrangement.  Refer  to 
this  figure,  often  as  you  study  the  description 
that- follows? 


The  telescope  housing  assembly  is  cast 
bronie  ind  finish-machiiied  with  great  precision. 
It  is  op/i  at  the  front  and  back.  The  front  of  the 
hoiwing  is  closed  by  a  window  and  the  rear  by  a 
metal  cover  plate.  The  interior  of  the  housing  is 
divided  by  an  irregular  vertical  wall  into  an 
optical  chamber  and  a  servochamber.  The 
gastight  optical  chamber  Is  in  front  of  the 
dividing  wall  and  the  watertight  servochamber  is 
to  the  rear.  A  square  box"  shaped  section  rises 
from  the  top  rear  of  the  housing  to  position  and 
support  the  headrest  assembly,  optical  tube,  and 
focusing  assembly.  The  housing  is  cast  with  four 
mounting  pads,  two  on  each  side,  which  provide 
a  vertical  mounting  surface,  and  four  mounting 
pads  on  the  bottoni  which  provide  a  horizontal 
mounring  surface.  Both  of  these  mounting 
surfaces  are  precision  machined  to  provide 
accurate  alignment  of  the  telescope  on  the  gun 
mount. 

The  front  window  of  the  telescope  is  secured 
by  a  window  retainer  and  sealed  by  two  gaskets. 
Stuffing  tubes  on  the  right  side  of  the  housing 
allow  for  passage  of  electrical  cables  without 
losing  the  watertjght  seal  in  the  servochamber. 
The  focusing  knob  and  filter  kriob  are  sealed  by 
a  packing  gland  where  the  shaft  passes  through 
the  housing. 

The  optical  tube  assembly  is  a  brass  cylinder 
which  houses  the  objective  lens,  filter  assembly, 
and  reticle  m  position  within  the  body  housing. 

The  elevation  mirror,  traverse  prism,  and 
skew  penta  prism  assemblies  are  positioned  in 
the  optical  chamber  by  brackets.  Two 
servoassemblies  mechanically  connected  to  the 
mirror  and  traverse  prism  allow  the  line  of  sight 
to  be  elevated  and  deflected. 


Access  and  Adjustmeiif. 

You  have  seen  how  ^he  design  of  a  housing  is 
affected  by  the  positioning  of  the  instrument 
components.  Another  problem  that  a  designer 
must  Consider  is  accessibility.  A  body  housing 
must  be  made  iti  such  a  way  that  all  of  the  parts 
enclosed  in  the  instrument  can  be  assembled  and 
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adjusted  in  a  convenient  manner.  A  number  of  • 
access  holes  and  cover  plates  are  provided  tor 
this  purpose.  The  number  of  openings  in  any 
instrument  housing  ifk  always  kept  to  a  bare 
minimum  because  each  opening  is  a  source  for 
gas  to  escape  and  moi.<{ture  or  dirt  to  enter  the  ^ 
instrument. 


JHADES  ANDr^APS^ 

When  an  optical  instrument  is  not  is  use,  it 
should  be  placed  in  a  case  that  will  protect  the 
exposed  optical  elements.  If  the  instrument  is 
mounted  in  such  a  manner  that  using  a  case  is 
not  feasible,  some^her  form  of  protection  is 
provided, 


Lens  Caps  / 

r 

A  lens  cap"  is  a  very  effective  and  convenient 
way  to  protect  an  eyelens  or  objective  lens. 
These  caps  are  made  of  metal  with  a  friction  fit 
over  the  area  to  be  proteoted,  or  they  are 
threaded  onto  the  telescope.  Part  A  in  figure  6-4 
illustrates  a  slip-on  objective  cap  for  an  azimuth 
telescope,  and  Part  B  shows  a  threaded  cover  for 
a  ship's  telescope  eyepiece.  When  a  ship  is  at  ^a, 
the  external  optical  surfaOes  are  exposed  to 
saltwater  spray,  stack  soot,  dii^pt  sunlight,  and 
igrime  which  will  damage  optical  elements  very 
easily.  For  these  reasons,  the  protective  caps 
Should  always  be  in  place  when  the  instrument  is 
not  in  use. 


OBJECTIVE  CAP 


Sunshades 


An  optical  instrument  that  is  used 
extensively  in  sunlight  has  a  sunshade  to  reduc? 
glare  from  sunlight  directly  striking  the  outer 
face  of  the  objective  lens,  Sunshades,  as 
illustrated  in  figure  6-4,  are;  usually  •  tabular 
ctions  of  metal  (jitted  around  the  objective.  A 
suhshftde  also  protects  the  objective  from  falling 
fiin  and  heat  from  the  sun  that  would  harm  "the 
cement  used  to  cement  elements  of 
achromatic  objective. 


an 
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Eye  Guards 


Eye  guards  similar  to  those  illustrated  in 


figure  6-5  are 
instruments.  Th 
rubber,  protect 
shock  or  similar 
maintainisv  prope 
stra>  light' rays. 

DIAPHRAGMS 


d  extensively  on  optical 
guards,  made  of  plastic  or 
observer's  eye  from  gunfire 
turbahces.  An  eye  guard  also 
^eye  distance  and  keeps  out 


Diaphragms  are  rings  of  opaque  material 
placed  irt  an  optical  system  so  that  the  passage 
of  light  is  limited  to  thefr  center.  When  a 
diaphragm  is  used  in  this  manher,  it  is  referred 
to  as  a  stop.  Refer  to  figure  6-6  as  you  study  the 
various  stops  in  the  following  sections. 


6-5 


i37 


OPTICALMAN  3  A  2 


Field  Stop 

A  fieh)  stop  is  t  diaphragiti  that  limits  the 
field  of  an  instrument  to  the  area  which  is  most 
illQininated.  A  field  stop  is  placed  at  the  image 
plii^e  and  helps  to  produce  a  shacply  focused 
image  by  eliminating  the  peripheral  rays  which 
cause  poor  imagery  because  of  aberrations. 
Placing  the  field  stop  at  the  image  plane  not 
ot)ly  limits  the  field,  but  also  sharply  defines  the 
edge  of  the  field  and  prevents  the  observer  from 
viewing  the  inside  of  the  instrument.  When  a 
field  stop  is  used  at  each  image  plane,  the  second 
and  succeeding  field  stops  are  larger  than  the 
image  of  the^rst  so  that  slight  inaccuracy  in  size 
or  positioning  will  not  conflict  with  the  sharply 
defined  imitte  of  the  first. 


37.1:48.3t 
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Aperture^top  ; 

An  aperture  stop  is  a  diaphragm  that  limits 
the  size  of  the  aperture  of  a  lens.  In  most 
telescopes  this  is  usually  the  objective  lens 
mount  or  retainer  ring  as  there  is  no  reason  for 
reducing  the  size  of  the  aperture  of  the  single 
compound  objective  lens  used  in  such  an 
instrument.  A  stop  in  close  proximity  to  a  single 
compound  objective  will  reduce  only  the 
illumination  and  exit  pupil  size  without  reducfng 
lent  abenitiohs.  In  the  event  the  objective  of  an 
instruhtent  is  so  complex  that  two  or  more 
separate  lenses,  are  used,  an  apertiiie  stop 
between  the  elements  may  reduce  aberrations. 
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Antiglare  Stops 

1  " 

.  '  I  ■ 
Antighiro  stops  yrc  diaphragms  placed  in 
optical  instnimcnts  within  t6e  local  length  ot 
the  objective  to  prevent  marginal  rays  from 
retHting  off  the  interior  of  the  instrument  and 
causing  glure.  Antiglare  stops  are  llmslied  with 
nonreflecting  paint  or  oxide  costings. 


In  straight  line  telescopes,  the  stops  can  be 
merely  washers  or  disks  with  a  hole  in  the 
center.  In  the  construction  ot"  binoculars,  the 
prisms  sljelf  is  designed  to  act  ;is  a  stop  tor  stray 
light. 


MOUNTING 
OPTICAL  ELEMENTS 


After  the  designer  of  an  optical  instrument 
has  decided  where  an  element  must  be 
positioned,  he  must  also  solve  the  dilTicult 
problem  of  designing  the  proper  mount  for  the 
element.  The  lens  or  prism  must  be  held  securely 
in  place  without  strain  which  would  cause  a 
distorted  image  or  could  break  the  element.  If 
the  element  is  to  be  adjustable,  he  must  design 
the  mount  ^so  that  it  can  be  adjusted  without 
looseness  or  play.  The  following  discussion 
covers  the  most  common  mounts  with  which 
you  will  be  working  as  an  Opticalman. 


LENS  MOUNTS 

After  a  lens  has  been  ground  and  polished  to 
the  proper  euryature.  it  is  ground  on  the  edge  to 
its  final  diameter.  Since  the  edge  of  the  lens  is 
used  to  position  it  in  its  mounting,  the  optical 
axis  of  the  lens,  must  coincide  with  its 
mechailiiial  axis.  Occasionally,  it  is  possible'  to 
!"''^"'' the  housing  of  an  instrument  so  that  a 
lens  can  be  moimted  directly  in  the  Ik 
with^ho  ojjijective  lens  of 
boresight  telescope  shown 
objective  lens  is  mounted  u*^a  tixed  positiofi  at 
the  end  of  the  body  tube  igflinst  a  seat  ring  and 
held  in  place  by  a  retaining  hng. 

When  two  or  more  IcnseSyarc  positioned  near 
each  other,  the  designer  uses  Alens  cell  similar  to 
that  shown  '\\\  Hgure  6-8.  The  Kh^Midyj^rtT!^^ 
.tubular  metal  precisely  machined  to  hold 
lenses,  separated  by  spacers,  in  a  predetermine 
position.  The  spacers  are  ma(ihined  with  a 
where  they  make  con^dct  with  the  lens  to 
provide  a  snug  fit  with  no  sharp  edges  to  mar  the 
lens.  Tile  optical  and  mechanical  parts  are  then 
secured  in  the  cell  by  a  retaining  ring.  Lenses 
mounted  in  a  cell  can  be  adjusted  and  placed  in 
the  instrument  i(s  an  assembly. 

An  adjusUblc  mbunt  (fig.  6-9)  is  often  used 
to  mount  a  tingle  lens  in  an  instrument  so  that  it 
may  be^axially  adjusted  during  assembly.  The 
lens  is  fitted  snugly  against  a  shoulder  in  the 
mount  and  held  in  place  by  a  retainer  ring.  The 
mount  is  externally  threaded  so  that  it  can  be 
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screwed  into  the  telescope  housing  to  its  proper 
position;  it  is  locked  in  place  by  a  lock  ring  or 

setscrew.  > 

*■  ' 

Retainer  kings 

In  our  discussion  of  lens  mounts>  we  have 
frequently  illustrated  and  referred  to  retainer 
rings.  Yod  have  seen  how  they  are  used  to  hold  a 
lens  in  ft  niount  and  how  they  arb  used  to  se;pure 
9  mount  in  place.  Every  iriitrument  that  you 
work  on  in  the  Navy  will  hlive  retainer  rings. 
They  are  very  injt^rtant  to  an  instruiiiertt.  When 
a  retainer  comes  loose;  the  tens  is  also  loose  anti 
the  instrument's  effectiveness  is  (mpaired  or  lost, 
.  Yottvwillhe  wofkirtg,wlth  riftas  Which  range 
from  im alKand  delicate  to  large  and 
cumbersome.  Alrringynjist  be  handled  caref\illy 
so  as  not  to  damage  the  Cine  threads  or  distort 
their  shape.  Most  retainer  rings  and  other 
threaded  mechanical  parts  are  locked  in  pl|ce  by  , 
a  setscrew  or  Peking  compound  that  hardens 
wherv  dry,  sucK  as  shellac.  BE  VERY  SURE 
THil4  YOU  REMOVE  ALL  SETSCREWS  AND 
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LCX  KINC;  rOMIX)UNDS  BlT  ORi;  rURNINCi 
T\l\\  RINCJ.  M  iu)l,  you  will  chunugo'the  tlujbacis 
on  the  mount  mul  tho  rotihncr,  causing  added 
repair  work  or  loss  of  the  part.  Note  the 
Jietscrews  which  lock  the  retainer  in  figures. 6-8 
and  f>-9.  Not  all  locking  screws  are  so 
prominently  .  lo^atetl^  s«.>  examine  t!\e  parts 
carefully  for  hidden  lock  screws. 

Screw  \ 
Adjii5iting  Mounts 

Occasionally  an  element  must  be  adjusted 
after  the  instrument  has  been  assembled.  In  such 
cases  you  will  find  a  screw  adjusting  mount 
similar  to  that  illustrated-  in  figure  6-10.  This 
mount  has  four  adjusting  screws  at  ^O""  jntei-vals 
for  adjusting  hori/.on tally  and  vertically.  The 
adjusting  screws  extend  through  the  telescope 
body  and  can  be  cither  a-  slotted  head 
(illustrated)  or  a  thumb  screw  type.  By  letting 
,  out  on  one  screw  and  taking  up  on  t]]^e  other, 
you    can    position    the   element  w 


the  other, 
great 


APJySTING 
SCREWS 


TELESCOPC 
BODY 
TUBE 


accuracy.  Be  Careful^when  tightening  the  screws 
so  that  no  undue  strain  is  placed  on  tl^c  mount 
or  clement. 

Eccentric  Mount 

You  have  learned  that  the  optical  axis  of  an 
instrument  must  coincide  with  its  mechanical 
axis  if  the  instrument  is  to  be  in  alignment.  To 
assure  alignment,  lenses  arc  sometimes  placed  in 
an  adjustable  eccentric  mount  to  allow 
movement  of  the  lenjj  and  its  optical  axis  in  a 
plane  perpendicular  to  the  axis  of  .tlic 
instrument.  Figure  6- hi  illustrates  the  eccentric 
objective  mount  of  a  binocular;  refer  to  it  as  you 
read  the  fqllowing  description.  The  Icps  mount 
has  a  machined  bearing  surface  that  offsets  it 
from  the  mechanical  axis  of  the  mount 
(eccentric).  A   ring  whose  inner   and  outer 


A.  TOP  VIEW 


RING--* 

BEARING 
SURFACE' 

MOUNT- 


3 


1  , 

h — — 
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B.  SIDE  VIEW 
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Figurt  S-IO.-AdKitttblt  rttidt  mount. 
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Figurt  6-11.-EcMntric  Itns  mount  asMmbly. 
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surfaces  uro  occciHric  to  each  other  is  placed 
over  rt»o  hcanin;  siirrat;o  of  the  mount  to  act  as  a 
bushing  to  hold  tlie  assembly  in  the  binoculan 
bbtly.  By  rotatiti}-  (he  entire  assembly  ot  by 
rotating  the  outer, ring  around  the  moul^t.  you 
can  move  the  optical  axis  of  the  lens  to  any 
desired  po|nt  within  a  relatively  large  area.  You 
can  obtain  some  ailditional  movement  by 
.  rotating  the  objective  lens  in  its  mount  since 
._l'lV>st_ klises  luiYt.iQiiit  inlLcrciU  eccentricity.  Th^ 
objective  assembly  is  tlien  locked  in  place" by  a 
setscre\y  or  retainer  ring,  or  both. 

PRtSH  MOUNTS 

As  with  other  optical  elements,  a  prism  in  an 
optical  instrument  must  be  correctly  positioned 
with  respect  to  all  other  elements  in  the  system. 
TJk  problem  of  positioning  .  a  prism  is 
'compounded  by  the  bulkiness  and  the  varied 
shapes  of  prisms.  Since  practically  all  lenses  are 
KhukI.  designers  use  tubular  mounts  for  most 
lenses.  However,  prism  mount?  must  be 
individually  designed  to  fit  thc^  sliape  of  a 
particular  prism.  Space  does  not  permit  a  fuH 
description^  of  all  prism  mounts  used  in  Navy 
instmments,  but  we  will  briefly  explain  a  few. 


Roofedge 

The%ooledge  prism  moimf,  shown  in  part  A 
of  figure  6-12.  consists  bf  a  right-angled  bracket 
on  wiiich  the  prism  rests.  Shoulders  ground  on 
the  frO?rtcd  sides  of  the  prism  act  as  mounting 
surfaces  which  are  used  to  secure  the  pt^ism  in 
(he  bracket. 

Two  prism  straps,  one  on  eacli  side,  are 
placed-ngiVinst  the  prism  T;hoirlclcrs  riurstfcufed 
by  screws  (o  (he  bracket.  The  bracket  is  fnStened 
to  (he  telescope  body  with  four  screws  which, 
can  be  loosened  to  adjust  the  prism  mounts  Part* 
B  of  the  illustration  shows  disassembled  parts. 

Right""Angle<l 

Mounts  for  right-angle  prisms  vary  in  ^Icsign 
in  accdrdtmce  with  needs.  One  mount  (fig.  6-13) 
holds  tHe  silvered,  or  reflecting,  surfaces  of 
-prisms  securely  in  place  and  properly  aligned  on 
bearing  pads  which  prevent  the  surfaces  from 
touching  the  base  of  tlie  mount.  Four  prism 
straps,  two  on  each  side,  hold  the  prisms  in 
position.  The  straps  also  contain  bearing  pads 
which  help  to  keep  the  prisms  properly  .aligned 
without-chipping  during  the  shock  of  gunfire. , 


FIgurt  e-12.-Roof«d9«  pHim  mqum. 
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FlQurt  »•13.-Rl^h^•ng(•d  priim  mount. 


137.172 


Porro  l^sm  Mounts 

■  A  porro  i>rism  mount  (fig.  6-14)  consists 
primarily  of  a  flat,  metal  plate  shaped  to  the 
Interior  of  a  telescope  body.  It  is  machined  to 
hold  one  prism  on  each  side  of  the  plate.  The 
hypotenuse  surfaces  of  the  prisms  are  mounted 
parallel  to  each  other,  and  they  are  set  over 
holes  machined  In  the  plate  to  allow  light  to  pass 
from  one  prism  to  the  other.  t 

To  maintain  the  APEX  surface*  of  the  two 
mounted  prisms  at  90**  angles  tfif^ch  other,  a 
fectan|0lar  metal  adjustment  rrj!|  ({irism  collar) 
IS  placed  srfUgly  around  each  prism,  if  the  two 
.prisms  are  NQT  at  9Q"  angles  to  eaii  other, 
iEAN  is  created  in  the  pri^mfcclustlr.  Lean 
me«tw  that  an  object  viewed  thrftigh  the  prism 
cluster  appears  to  lean  at  an  angle  when 
empurtd  y/ith  the  actual  object. 

Etch  prism  Is  secured  to  the  mount  with  a 
«Nn«  clip  . or  prism  strapi^  pressed  against  the 


apex  of  the  prism.  The  strap  itself  is  secured  to 
two  posts,  one  on  each  side  of  the  prism;  the 
posts,  in  turn,  are  screwed  into  the  prism  plate, 
A  metal  shield  placed  over  each  prism  under  the 
prism  strap  prfevehts  stray  light  fh)m  entering 
the  other  prism  surfaces;  Those  shields  must  not, 
touch  the  reflecting  .surfaces  of  the  prisms;  if 
they  touch,  total  internal  reflection  does  not 
take  place  and  some  of  the  light  is  refro<Jted 
through  the  reflecting  surface  and  absorbed  by 
the  light  shields.  . 

FOCUSING 
ARRANGEMENTS 

The-  m^rity  of  focusing  arrangements  with 
which  an  Opticalman  comes  in  cotttact  are 
eyepiece  assemblies,  since  most  instrttments' 
must  be  adjustable  to  the  individual  obiehrerV 


eye. 


OPTICALMAN  3  A  2 


1. 
2. 
3. 
4. 
5. 
6. 
7. 


Prism  clip. 
Prism  clip  screw. 
Prism  shield.  ' 
Prism  clip  pad. 
Porro  prism. 
Prism  collar. 
Prism  collar  screw. 


8. 

0. 
10. 
11. 
12. 
13. 
14. 


Prism  post  A, 
Prism  post  B. 
■Prlsm  post  C. 
Prism  post  D. 

Left  prism  pUte  and  dowel  pins. 
Right  prism  plate  and  dowel  pins. 
Prism  plate  dowel  pin. 


Fi9ur«  6-14.-Porro  prinn  mount. 


137.170 


Lenses  in  an  eyepiece  usually  are  secured  in 
a  tuMar  type  mount.  The  field  lens  and  the 
eyelons  may  be  fastened  separately,  each  with  a 
retainer  ring,  or  they  may  be  securea  together 
by  the  jame  retainer  ring  with  a  spacer  placed 
betweeri  the  field  lens,  and  the  eyelens  to  hold 
both  at  the  correct  distance  from  each  other.  . 

The  distance  between  the  reticle  and  the 
eyepiece  in  an  optica)  instrument  must  be 
adjusted  to  the  observer's  eye  so  that  the  reticle 
and  image  of  the  object  are  sharply  defined, 
eliminating  eye  fatigue.  To  provide  this 
adjustment,  the  lenses  (two  or  more)  of  the 


eyepiece  are  mounted  in  a  single  lens  cell,  or 
tube,  whose  distance  from  the  reticle  (also  focal 
plane  of  the  objective)  can  5e  actuated  by  a  rack 
and  pinion,  a  draw  tube,  or  by  rotation  of  the 
entire  eyepiece  during  adjustment  of  the  focus. 

Some  of  the  focusing  arrangements  used  on 
eyepieces  are  shown  in  figure  60  5. 

Draw  Tube 

A  draw  tube  focusing  arrangement  (fig. 
6-1 5E)  consists  of  a  metal  tube  which  contains 
the  lenses  and  their  retainer  ring.  The  tube  is 
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focused  manually  by  sliding  it  forwaid  dr 
backward  in  a  guide  tube  at  the  rear  bf  the 
telescope  bo4y  or  housing.  The  draw  tube  can 
be  secured  to  the  guide  tube  or  withdrawn 
qompletely  from  it;  This  type  of  eyepiece 
focusing  arrangementt  however,  is  not  widely 
used  by  the  Navy  because  the  drsw  tube  focus 
can  be  disturbed  by  a  slight  Jar. 


or  shoe»  a  focusing  ring,  a  retainer  ring»  and  a 
diopteMng  scale. 


iff. 


(ireHcal)  lUywiy 

J\A  iplial  Inyway  focusing  anrinaement  (flg; 
6^1  J)  li  •  mcNUnciitlQn  of  a  dfiw  tiibe;  It  is 
4^ldlir  in  conitNctioii  to  i  draw  tubi  v^th  the 
igidltloi^fd  fotlcyMiig  com         a  ft>Cuilfig  H&bi 


^  A  straight  slot,  which  guides  "the  focusing 
key,  is  clt  through  the  eyepiece  adapter  parallel 
to  the  optical  axis  of  the  telescbpe.  The  focusing 
key  Is  fastened  to  the  draw  tube,  protrudes 
tittougli  the  straight  slot,  M  holds  the  focusing 
shoe  which  engages  I  aplral  groove  or  keyway  ih 
the  focusing  ting.  The  fbcuslng  ring  turns  on  the 
eyejrfece  idapter  bot  IS  prevei^ted  friom  moving 
ateni  the  optical  ixls  by  i  shoulder  oh  the' 
adspter  and  the  stdp  ritti  dn  the  opposite  side, 
•nie  diopter  ring  li  mounted  on  thfi  shoWd^^^^ 
the  «yepki<?e  tdipterr  It  ii^i^^^^  an  indej^  - 
miHt  on  the  fbcibing  ring;  MMirMs  of  this 
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1.  Eyeguard. 

2.  Eyeguard  clamp. 

3.  Eyeguard  clamp  ring  screw. 

4.  Eyepiece  collective  retaining  ring 
5  Eyepiece  collective  lens. 

6.  Eyelens  detaining  ring. 

7.  Cemented  doublet  eyelens. 

8.  Eyepiece  focusing  assembly. 

9.  Focusing  ring  stop  ring. 


10.  Stop  ring  lock  screw. 

1 1 .  Knurled  focusin'g  ring. 

12.  Focusing  shoe.  >/ 

13.  Focusing  key. 

14.  Focusing  key  screw. 

15.  Eyepiece  draw  tube. 

16.  Diopter  ring,  'v 

17.  Diopter  ring  lock  screw. 

1 8.  Eyepiece  adapter. 


Fljiur*  6-16.-Spir«l  ktyway  focuiing  arranfltmtnt. 
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type  focusing  arrangement  must  fit  snugly  to 
eliminate  lost  motion,  yet  allow  smooth 
movement. 

The  diopter  scale  is  graduated  on  either  side 
of  0  diopter  to  read  frofo  plus  to  minus  diopters. 
The  ,  number  of  pluS\^^  or  minus  diopter 
graduations  depends  ifpoV  the  design  of  the 
instrument,  but  it  usually  mns  from  +2  to  -4 
diopters.  More  adjustment  is  pi!(;Wided  on  the 
minus  diopter  side  because  mostp«Qpl«  focus 
the  diverging  rays  more  comfortablyTwh^n  the 
focusing  ring  is  turned  either  way,  the  focusing 
Shoe  follows  the  spiral  keyv^ays  and  Imoves  the 
dww  tube  in  or  out  to  focus  th^  eyepiece.  As 
(he  operator,  you  focuj?  the  eyepiece  to  your  eye 
•nd  nofe  the  diopter  scale  reading;  you  can  save 


time  by  adjusting  to  that  reading  each  time  you 
use  the  optical  instrument. 

r 

Multiple  Lead  Thread  , 

A  multiple  thread  ^Vepiece  (fig.  6-17)  is 
tubular  with  external  multiple  lead  threads.  It 
screws  into  a  guide  tube  oi^  eyepiece  adapter 
with  matching  . threads.  When  the  eyepiece  cell  is 
screwed  all  the  way  into  the  adapter,  it  is 
stopped  by  the  focusing  ring.  A  stop  ring  is 
screwed  into  the  top  Of  the  adapter,  which 
prevents  extraction  of  the  eyepiece  cell  when 
the  thiieads  reach  the  stop  ring  as  the  mount  is 
screwed  all  the  way  out.  A  focusing  ring  with  a 


o 
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1.  Eyepiece  cap. 

2.  Collective  lens  retaining  ring. 

3.  Collective  lens.  '■ 

4.  Eyepiece  lens  spacer. 

5.  Cemented  doublet  eyelens. 

6.  Eyepiece  clamp  ring. 


7.  Byepie«e  clamp  ring  lock  screw. 

8.  Knurled  focusing  ring. 

9.  Right  cover  and  eyepiece  adapter 
assembly; 

10.  Eyepiece  stop  ring. ' 

1 1 .  Eyepiece  lens  cell. 


Fiflurt  6-17.-Multiplf  thrtad  tyapiMt  l«m  mount. 
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diopter  scale  engraved  on  it  is  attached  to  tlie 
top  of  the  eyepiece  cell  and  held  in  place  by  a 
clamp  ring. 

Internal  Focusing  Mount 

<i 

An  internal  focusing  eyepiece  mount  (fig. 
6-18)  consists  of  a  housing  secured  and  sealed  to 
the  rear  of  the  telescopt?  body.  Th^  housing 
contains  an  eyelens,  secured  by  a  retaining  ring. 


ERIC 


A  mpvable  lens  mount  or  cell  containing  the 
field  lens  and  an  intermediate  lens  is  free  to 
move  forward  or  backward  when  the  focusing 
knob  and  shaft  are  activated.  As  the  focusing 
knob  rotates/  it  turns  the  focusing  shaft  and 
rotate!  an  eccentrically  mounted  actuating  plate 
which,  in  turn,  slides  the  movable  lens  mount 
toward  or  away  from  the  eyelens  during 
focusing  for  individual  eye  corrections.  The 
dioptric  scale  is  on  the  focusing  knob,  and  the 
index  nriark  is  on  the  focusing  shaft  housing. 
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^^epieccs  with  draw  tubes  whith  slide  irt  and  out 
without  rotating  are  generally  preferred  In 
instruments  with  reticles.  NOTE:  The  reticle 
must  be  superimposed  on  the  same  spot  of  the 
target  all  the  time»  regardless  of  .the  mariner  in 
which  the  eyepiece  is  focused.  If  the  eyepieces 
or  lens  mounts  rotate  with  eccentricity  in  a 
telescope  Which  has  a  reticle,  the  image  of  the 
target  appears  to  move  under  thi  reticle  image  in 
a  small  circle,      —    -   -         _  _ 

One  advantage  internal-focusing  eyepieces 
have  over  spiral  keyway  and  multiple  lead  thread 
eyepieces  is  tliat  they  can  be  sealed  to  prevent 
entrance  of  foreign  matter  and  moisture. 
Telescopes  with  these  eyepieces  can  be 
submergedjn  water,  because  they  will  not  leak 
when  properly  assembled.  , 

Spiral  keyway  and  multiple  lead  thread 
eyepieces  cannot  be  submerged  under  water 
because  they  also  breathe  during  focusing;  that 
is,  when  you  focus  them  in,  they  compress  the 
air  within  the  telescope  and  force  it  out  through 
joints  and  loose  fittings*  NOTE:  Some  telescopes 
have  a  small  hole  near  the  eyepiece  mount  which 
enables  the  air  in  them  to  escape  freely.  When 
you  focus  these  eyepieces  out,  they  draw  air  and 
dust  into  the  telescope.  This  breathing  action 
can  be  caused  also  by  changes  in  atmospheric 
pressure  or  temperature  changes  (day  to  night, 
for  example).  As  time  passes,  dirt  and  moisture 
collected  on  the  optical  elements  of  the 
telescope  diminish  or  obliterate  vision  througfi 
the  instrument. 

FIXED 

EYEPIECE  MOUNT 

A  fixed-type  eyepiece  (fig.  6-15),  as  the 
name  implies,  is  fixed  in  position  and  cannot  be 
focused  for  individual  eye  correction.  The 
eyepiece  mount  may  consist  of  a  housing  which 
contains  the  eyelens,  separator,  field  lens,  and 
the  retainer  ring  secured  and  sealed  at  th^  rear  of 
the  telescope  body.  The  eyepiece  housing  may 
also  be  part  of  the  main  telescope  body.  If  the 
eyepiece  housing  is  part  of  the  main  telescope 
body,  the  lenses  and  the  spacer  slide  into  the 
eyepiece  housing  from  insideyand  ate  secured  in 
place  with  a  retaining  ring. 


MOVAeLt  LENS  CELL     FIELD  LENS 
SPACER 

INTERMEDIATE  ' 


RETAINING 
RINO 


RETAINING  RINO 
EYE  LENS 


PDCUS  KNOB 
FOCUS  SHAFT 
STOP  ARM 

« 

KNOe  BEARING 


GASKET  GROOVE 
EYEPIECE  HOUSING 
DOWEL  LOCATING  HOLE 
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figure  6-18.-lnttmal  focuting  tytpiact  mount. 

/ 

Focusing-typ^  eyepieces  are  designed  to 
provide  fast  foci|sing  with  minimum  turning  of 
the  focusing  rin^,  or  knob.  This  design  permits 
the  eyepiece  (\yhen  turned  completely  out)  to 
stop  on  the  plUs  side  of  the  diopter  scale  and  to 
be  focused  all  the  way  in  to  tlie  stop  on  the 
minus  side  of  the  scale,  with  one  rotation  (or 
less)  of  the  focusing  ring.  Multiple  lead  thread 
eyepiece  mounts  are  responsible  for  this  type  of 
focusing.  In  internal  focusing  eyepieces,  the 
eccentric  plate  slides  the  lens  mounts  from 
maximum  to  minimum  throw  with  a  half-turn 
(or  less)  of  the  focusing  knob. 

The  lenses  of  the  spiral  keyway  and  internal 
focusing  eyepieces  do  not  rotate  when  they  are 
focused ^li.  and  this  is  an  advantage  over  a 
multiple  lead  thread  eyepiece.  When 
multiple  lead  thread  eyepieces  are  rotated^ 
eccentricity  in  the  lenses  or  their  mounts  (if 
present)  causes  the  image  of  a  target  to  appear 
to  revolve  in  a  small  circle.  Far  this  reason, 
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Because  this  eyepiece  cannot  be  focustd  for 
Individual  ej^e  correction,  the  light  rays. which 
leave  it  are  sliglitly  divergent  with  a  value  of -3/4 
or  -I  1/2  diopters.  Tliis  fixed  minus  diopter 
setting  is  used  because  the  mtuority  of  operators 
set  focusing  eyepieces  slightly  on  Hie  minus  side 
of  the  dioptric  scale.  ' 


BEARINGS 


/ 


When  a  sTiaTt  is  mounted 7in  a  device  to  hold 
it  during  rotation,  friction  develops  at  the 
contact  point  between  the  shaft  and  the  device. 
Friction  develops  heat.  /Therefore,  friction 
produced  in  a  shaft  housing  must  be  kept  to  a 
minimum  for  satisfactori'  performance  and 
longer  life  of  the  shaft.  Devices  which  reduce  the 
amount  of  friction  produced  by  shafts  in  their 
housings  are  called  bearings. 

Except  for  simple  types,  optical  instruments 
have  many  moving  parts.  Movement  of  these 
parts,  however,  must  be  so  restricted  that 
motion  takes  place  only  in  the  direction  desired. 
Movable  parts  of  an  optical  instrument  must 
th  erefore  be  supported  and  retained  by  some 
suitable  means,  so  that  friction-free  movement 
in  a  specific  direction  may  be  obtained. 

Before  we  get  ^into  the  discussion  of 
different  types  of  bearings,  it  is  a  good  idea  to 
explain  the  different  types  of  loads  which 
bearings  must  carry:  i 

NOkMAL  LOAD:  A  load  applied/foward 
and  perpendicular  to  the  bearing  surfatfe. 

RADIAL  LOAp:  A  load  directed  away  from 
a  surface,  the  opposite  of  a  normal  load. 
Rotation  of  a  wheel  or  object  on  an  axis  is  an 
application  of  radial  load. 

AXIAL  LOAD:  A  IomI  directed  along  the 
axis  of  rotation  or  surface  en  an  object 

f 

ANGULAR  LOAD:  ^  load  witich  is  a 
combination  of  the  other  l6ads  just  desci-^bed. 

Bearings  are  generally  classified  as  ^ idling 
surface  and  rotational  (sometimes  called  rolling 
contact  bearings).  .  \ 


Sliding  Surface.Bcarings 

A  sliding  surface  bearing  usually  has  a 
statipnary  member  which  forms  the  base  on 
which  its  moving  part  slides.  A^  lathe,  for 
example,  has  this  type  of  bearing  in  the  howling 
and  guiding  of  the  carriage  and  tailstock  on  the 
lathe  bed.  Sliding  surfaces  are  not  always  flat; 
they  may  be  stjuare,  angular,  spherical,  .or 
circular.  The  _pMc>u  aad_  cylinder  bore  of  -  an 
internal-combustion  engine  constitute  a  circular 
sliding  surface  bearing. 

Square  and  spherical  sliding  surface  bearings 
are  used  to  mount  some  of  the  smaller  gunsights 
in  order  that  they  may  be  easily  boresighted 
(aligned  with  tlie  gun).  Refer  ^o  figure  6-19 
which  shows  these  two  bearings  as  used  on  an 
instrument.  The  spherical  bearing  is  secured  in 
its  mating  mount  which  is  firmly  attached  to  an 
adapter  or  gun  mount.  The  spherical  bearing 
holds  the  front  of  the  Instrument  securely  and  at 
the  same  time  allows  radill  motion  of  the  body. 

The  square  bearing  (quadrangular)  provides  a 
surface  for  bearing  pads  and  adjusting  screws 
which  cart  accurately  lock  the  instrument  in  any 
desired  position.  Tlie  bearing  surfaces  in  this 
instance  are  subjected  to  normal  loads  by  four 
adjusting  screws  in  an  adjusting-screw  mount. 
Each  adjusting  screw  exerts  pressure  its 
respectivie  bearing  surface.  By  loosening  and 
tiglitenin^  opposing  screws,  as  necessary,  you 
can  boredight  the  telescot)e.  Adjusting-screw 
mounts  ar*  also  good  for  holding  and  adjusting 
reticle  moulfits.  ^ 

Although  not  a  sliding  surface  bearing,  the 
square  bearing  is  used  as  »  locating  bearing 
surface,  with  little  if  any  slicing  motion  exerted 
upon  .it.  When  accurately  machined,  a  square 
bearing  is  used  as  a  bearing  pad  for  holding  large 
gunsights  jh  gun  mounts  and  directors  and  for 
locatiqg  and  holding  parts  inside  optical 
instruments.  During  overhaul  of  a  gunsight 
telescope,  bearing  pads  are  reference  surfaces  for 
aligning  optical  elements. 

Rotational  Bearing 

A  rotational  bearing  generally  Itas  a 
stationary  member  for  holding  the'  rotating 
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member.  The  stationary  member  is  called  the 
sleeve,  The  rbtation^kmember  is  usually  in  the 
form  of  a  shaft,  ^hose  precision-finished 
surfaces  are  cabled  trunnions. 

Trunnion  bearings  (fig.  6-I%such  as  those 
on  the  ends  of  a  MK  61  telesc^e  right-angled 
prism  mount,  a^  used  on  many  Idads  of 
telescopes  to  keep  the  optical  axis  of  a  telescope 
or  prism  mount  in  a  true  vertical  plane  during 
elevation  9r  depression  of  the  line  of  siglit.  „ 

Ball  bearings 

because  rolling  friction  is  nuich  less  than 
sUding  friction,  precision  ball  bearings  are  used 
extensively  in  optical  instruments.  Precision  ball 
bearings  in  self-cc^ntained  units  are  classified  in 
accordanoc^with  design.  Differences  in  design  in 
ball  bearings  are  generally  not  apparent 
externally.  In  making  a  design  of  these  bearings, 
the  outer  race,  the  inner  race,  and  the  steel  balls 
.(^hich  roll  bet\yeen  the'  races)  must  be  taken 
kj^to  consideration. 

All  you  study  the  .most  common  designs  of 
lelf^titained  precision  ball  bearings  in  the 
jt^tlovi^itig  p*ri(^^^^  figures  6-20  an^ 

|6>21  to.  determme  their  differences;  ^ 


Radial  ball  bearings  (fig.  6-20A)  are  designed 
to  carry  loads  applie.d  tp^  plane  perpendicular 
to  the  axis  of  rotation  in  order  to  prefvent 
movement  of  the^  shaft)  in  a  radial  direction^ 
Thrust  ball  bearings  (ftg/ 6-20C)  are  designed  to 
take  loads  appli^d-^n  the  same  direction  as  the 
axis  of  the  shaft  in  order  to  prevent  endwise 
movement. 

Radial  and  thrust  bearings  are  therefore 
designed  to  carry  loads  in  a  specific  direction: 
perpendicular  §f  parallel  to  the  axis  of 
supported  shafts. 

An  angular  fiall  bearing  (fl$.  6-20B)  supports 
in  lingular  load-a  loa|t  which  has  components 
m  radial  and  axial  thitilt^a^d  it  1$  exen(H>lified 
by  the  bearing  in  the  frdnt  wheel  of  a  bi<;ycle. 
Angular  ball  bearihgs  are  normBlly  used  in  pairs, 
inift'^manner  which- enables .thfe  angular  oonifaot 
surfaces  of  ^  one  bearing  :  to'  oppose  the 
corresponding  surfaces  of  the  other.  Thii 
arrangement  of  bearinis  provides  a  technique 
known  as  PKELOADINO,  which  removes  what 
is  caHed  give  or  softness  before  the  bearings  are 
subjected  to  their  normal  loads.  7 

The  principle  of  preloading  i$  illustrated  hi 
i^re  6^21.  Preloading  dan  be  obtained  (and 
formally  is)  %  subjecting  the  inner  ra^^es  to  a 
thrust^.directed  -axially  toward  the  angular 
conta«suface8  6f  the  outer  races. 
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Figure  6-20.-Diff«r«nt  types  of  ball  btaringi. 
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In  some  cases,  individual  precision  steel  balls 
are  used  as  a  bearing  between  two  parts;  the 
parts  themselves  act  as  th(^*bearing  races  with  the 
desired  number  of  steel  balls  rolling  between 
them.  Such  a  beariug  is  used  betweeii  polaroid 
filter  plates  in  optical  instruments  to  secure 
smooth  and  free  rotation. 

CAUTION:  Dry  metallic  surfaces  Uiidfer  an 
appreciable  load,  though  smoothly  machined, 
will  not  slide  over  each  jpther.  without  abrasion; 
they  must  be  kept  covered  CONTINUALLY 
with    an    approved    lubricant.    If  properly 


FRir 


lubricated,  precision-made  ball  bearings  wear 
very  little.  When  wear  does  ocair  in^>a 
bearings,    replace    them.  Adjustment 
impossible.  ".  ^ 

OPnCAL 

INSTRUMENl-GEARS- 


An  instrument  designer  must  know  what 
type  of  gears  to  use  for  a  specific  function  in 
order  to  provide  the  type  of  motion  and  speed 
required.  BecaUse  you  rhust  work  with  these 
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Figure  6-21.-Preloa{iing  produced  by  paJrt  of  angular 
ImII  bearingt. 


gears  in  o^)tical  slio^is,  knowledge  concerning  the 
basic  typos  will  be  benelicial  to  you. 

Spur  Gear!$ 

Tlie  spur  gears  shown  in  figure  6-22  are  from 
ft  Mark  74  gunsight.  Spur  gears  are  used  more 
than    any    other    type    of  gear  in  optical 


Figurt  e^22.*^TyiMt  of  ipqr  gtiri. 
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instruments  to  transmit  power  from  one  shaft  to 
another. 

Teeth  on  spur  gears  vary  in  size  (in 
accordance  with  requirementsji  and  are  stated  in 
terms  of  I^TCH,  or  DIAMKTRAL  PITCH 
(number  of  teeth  per  inch  .of  pitch  diameter),  A 
spur  gear  with  16  pitch  and  a  pitch  diameter  of 
I  inch  has  16  teeth,  and  so  forth. 

Speed-  -ratios-  bet  wc(>n  shafts  having  ^puf 
gears  is  important  and  is  defined  %s  the 
*  reciprocal  of  tlie  ratio  of  the  quantity  of  teeth 
of  the  two  gears.  For  instance:  if  two  mating 
gears  have  40  toeth  and  10  teeth  respectively, 
tlie  ratio  is  4  to  I.  The  speed  of  the  lO-toofh 
gear  will  be  4  times  that  of  tht^40-tooth  gear. 

Metals  generally  used  in  small  spur  gears  are 
^    brass,  aluminum,  and  steel;  but  cast  iron  is 
widely  used  in  large  spur  gears.  Spur  gc*ars, 
however,    are    also    made    of  nonmetallic 
substances. 

Bevel  Gears 

^  Bevel  gears  used  in  optical  instruments  can 
be  put  on  shafts  which  intersect  at  desired 
angles,  provided  the  angle  of  the  teeth  is  correct 
in  relation  to  the  shafts. 

When  oi>e  component  of  a  pair  of  gears 
which  mesh  together  is  bigger  than  the  other  (A 
ta"t'  B  in  fig.  6-23),  the  bigger  component  is 
usually   called   tl}©^  GEAR  and  the  smaller 
component  is  called  the  PINION. 

Bevel  gears  are  made  with  straight  or  curved 
teeth,  but  they  CANNOT  be  interchanged  with 
spur  gears.  By  using  different  size  bevel  gears  as 
shown  in  figure  6-23,  you  can  obtain  a  different 
speed  ratio,  as. desired.  When  these  gears  are  tlie 
same  size,  they  are 'called  M^JER  GEARS. 
NOTE:  If  l^ped  pairs  of  bevel  gears  are  used  in 
an  optical  instrument,  almost  perfect  quietness 
of  operation  is  obtained. 

The  shape  of  bevel  gears,  especially  those 
with  spiral  teeth,  causes  them  to  exert 
considerable  thrust.  For  this  reason,  the  end  of  a 
shaft  whicly  contains  the^  gear  is  generally 
supported  by  an  angular  ball  bearing,  and  the 
oftier  end  has  a  radial  ball  bearing.  * 
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Figurt  6-24.-Siietor  gc«r  and  worm. 
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Figurt  6-23.-Ty|Mt  of  btvtl  gttrt. 


Wonn  and  Sectoiipears 

Study  figure  6>24.  The  top  part  is  called  a 
WORM,  and  the .  bottom,  part  is  called  a 
SECTOR  GEAR. 

If  a  worm  has  only  one  continuous  thread,  it 
is  called  a  SINGLE-THREAD  worm.  More  than 
one  thread  may  be  cut  on  a  worm.  A  worm  with 
two  continuous  threads  is  called  a 
DOXJBLE-THREAD  worm;  a  wonn  with  three 
contmuous  threads  is  called  a  TRIPLE-THREAD 
worm.  On  a  worm  with  a  single  thread,  lead  and 
pitch  are  equal,  but  the  lead  is  twice  the  pitch 
on  a  double-thread  wcwm  and  three  times  the 
pitch  on  a  triple-threa*worm.  Therefore,  if  a 
single  lead  worm  is  used,  one  revolution  of  the 
worm  advances  the  sector  o^e  tooth.  Witli  a 
double  or  triple-thread  womi,  the  sector  will 
advance  two  or  three  teeth  with  each  revolution 
of  the  worm. 

As  you  can  see  front  figure  6-24,  the 
rotation  of  the  sector  is  limited  to 
approximately  90*.  If  the'sectoiiwere  made  with 
teeth  all  the  way  around  (f^ill  ^60^  rotation), 


then  the  arrangement  would  be  called  a  worm 
and  worm  gear.  ^ 

HEUdAL  GEARS 

t 

Helical  gears  are  closely  related  to  worm 
gears  in  function  and  general  arrangement, 
except  that  mating  helical  gears  are  usually' of 
the  same  thickness,  and  teeth  are  cut  at  a  45° 
angle  to  the  axis  of  rotation.  • 

With  a  worm  and  sector  or  worm  and  worm 
gear,  the  worm  is  the  driving  member;  the  worm 
causes  the  gear  or  sector  to  revolve,  but  not  vice 
versa.  With  helical  gears,  even  those  of  different 
diameter^,  either  gear  can  drive  th^  other.  . 

Rack  and  Pinion 


Sime  optical  instruments  use  it  rack  and 
^niofl  such  as  the  one  illustrated  in  figure  6-35. 
Ilie  rack  gear  moves  in  a  linear  motion,  as 
indicated;  and  it  is  simply  a  straight  bar  into 
.  which  the  gear  teeth  hav^  been  cut.  The  pinion^ 
of  eourse,  moves  in  a  rotary  motion. 


Figure  e-ZS.-Rick  and  pinion. 
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INSTRUMENT  ' 
SEALINQ  METHODS 

To  maintain  the  cleanliite.ss  of  the  optics  in 
opticaf  instniments',  the  instrument  bodies  5re 
sealed  to  keep  out  moisture  and  dirt.  All  optical . 
insjtruments  are  sealed  but  they  are  not 
necessarily  waterpk)6fed  to  stand  submersion  in 
water. 

All  openings  in  optical  instruments  are 
sealed  witii  sealing  corat!>ound  or  gaskets.  A 
pombination  of  both  is  often  ased.  The  gaskets 
may  be  made  of  rubber,  plastic,  or  lead. 


ini<^tnimen 
gaskets  on  ail 
cunnot  be  used 
seftling  cofitpou 
instniment  will 
for  such  small, 
going  through  a 


re  waterproofed  by  using 
fslde  joints  or,  where  a  gasket 
becauto  of  physical  limitations, 
nd.  A  we|]<dej|(ined  wate^roof 
have  gaskets  ror  all  seals  except 
nonflexing  joints  9s  a  setscrew 
body. 


The  primary  Job  of  waterproofing  or  sealing 
must  be  done  by  the  designer.'  Your 
responsibility  as  a  repairman  is  to  dd  your  job  of 
seaHng  with  care  and  precision,  fhe  standard 
techniques  for  performing  waterproofing  and 
seaHng  operations  are  set  forth  in  the  following 
paragraphs. 

SEALING  COMPOUND 

Sealing  procedure^  for  using  rubber 
compoMnds  fall  into  two' categories!:  sealing 
Qptidal  elements  and  sealing  mechanical  parts. 
The  following  pro^sedure  ajjplie^  To  seffinglehses 
and  windows.  The  shape  is  not  important.  The 
common  element  in  all  classes  of  this  work  is  the 
joint  of  glass  to  a  metal  shoulder  in  a  mechanical 
part.  i 

The  sealing  compouttq  used  is  a  jelly-like 
rubber  called  RTV  which  sets  irtto  a  tough, 
flexible  consistency  after  being  exposfed  to  air 


 .  ^. 

for  a  short  time.  Ihc  R1  V  (av;iil;ihlo  id  black, 
clear,  or  prey)  comes  in  tubes  with  a  tapcivil 
spout.  To  make  a  sm.ill  heaJ  ol  sealer,  ciil  oil 
the  tip  o\  tlic  spout;  to  m.ikc  a  longer  head,  cui 
off  more  of  tfie  spout. 

I.  Place  a  bead  of  R  I  V  arouiul,  Ihe  area  to 
be  scaled.  Kxucss  sealer  nuiy  prvveni  optics  IVoiu 
seating  evenly;  too  little  compound  al  arjy  point 
will- provide  a  fX)or  seivl 

.2.  Set  the  optical  element  in  its  nu)tuU  aiu^ 
press  down  firinly  and  eveidy^  all  the  way 
around. 

3.  Replace  the  retainer.  I'ov  lenses,  tighten 
the  retainer  ring  snugly.  Window  retainers 
(usually  rectangular)  inust  be  tightened  by 
taking  ifp  on  opposing  screws  much  as  you 
would  tor  tightening  cylinder  Ijcad  bolts. 

4.  Wipe  away  excess  sealer. 


AND  CONSTRUCTION 


CAUTION:  Optics  must  not  be  cocked 
when  the  retainer  is  tightened.  They  will 
cither  break,  cause  distortion  -in  (he 
image,  or  fail  to  seal  properly.  Firm 
pressure  is  sufficient. 


Optics  sealed  with  sealing  compound  will 
appear  tight  because  they  are  stuck  ■  in  the 


compound.  However,  they  will  come  loose 
eventually  if  (lie  tetainer  is  not  snug. 

Ihe  sealing  of  mev:hanical  parts  is  not  a 
series  of  step-by~step  operations  which  can  be 
used  in  all  situations.  Closing  an  opening  it^  the 
basic  purpose  of  sealing,  yet  each  sealing 
operation  must  be  studied  to  determine  where 
(lie  opening  is  and  where  to  apply  the  sealing 
compound.  Your  objective  is  to  form  a  ne;it, 
satisfactory  sea!  and  hide  The  }omx  if  possllvle. 

PREFORMED  GASKETS 

1he  most  widely  used  method  tor  sealing  an 
optical  instrimient  is  prctbrmed  gaskets.  They 
provide  the  best  seal  and  are  used  extensively 
when  an  instrument  must  be  watertight  or 
prcssurctight.  Three  types  of  preformed  gaskets 
are,  used  on  Navy  instruments;  Hat  gaskets  or 
irregular  shape  as  shown  in  figure  6-26  and 
round  O-rings  and  flat  gaskets  as  shown  in  figure 
6-27. 

When  sealing  an  instrument  \vith  flat  gaskets 
you  must  strictly  adhere  to  the  following  rules: 

1 .  Use  the  proper  gasket  for  each  joint. 

2.  Use  new  gaskets.  They  go  faf*  to  assure  a 
watertigl»t  instrument. 
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FJoure  6-26.-Eyepiec«  and  povtr  ai$«mbly  gatktt. 
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Flgurt  6-27. -Ey«pi«c«  O-rinfl  Heal. 
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6.  Examine  u  gasket  join^;  if  pGss1l?le,  after 
it  hns  b«yt»n  reassembled  to  (fhcck  the  gasket  for 
proper  position." 

O-RINGSf 

ATI'  O-riiig  seal  on  an.  optical  itistruinent  is 
engineered  to  ineej  a  set  of  stand'ards  that  apply 
to  all  0-ring  seals.  All  0-rings  are  molded  and 
trifnmed  Lq_  i^xltcmcly  close  tolerances^  - In 
crosS-sectional  area,  inside  diameter,  and  outside 
diameter.  An  0-ring'  is  generally  fitted  into  a 
rectangular  groove  machined  in  the  mechanism 
to  be  sealed.^  The  dimensions  of  the  0-ring 
jjToove  (seivt)  and  the  size  of  the  0-ring  must  be 
cxrfct  if  the  seal  is  to  function  properly.  Unlike  a 
flat  gasket  which  seals  as  a  result  of  the  squeeze 
from  tlifi.twp  parts,  the  0-ring  seals  as  a  result  of 
distortipji  caused  by  pressure.  Notice  figure  6-28 
which  sltows  the  proper  installation  of  an  0-ring. 
The  <?learance  for  the  0-ring  in  its  seat  is  less 
than  the  free  outer  diameter,  and  the  O-ring  is 
sliglrtJy  squeezed  but  of  round  (fig,  6-28). 

When  pE^surc  is  applied,  tbe  O-ring  moves 
away  fromihe  pressuce  into  the  patli  of  leakage, 
thus  completely  sealing  the  passage  (fig,  6-28B). 
ThQ.  greater  Mie  pressure  applied,  the  tighter  the 
seal  bect)iTtes.  When  the  pressure  is  decreased, 
the  resiliency  and  elasticity  of  the^seal  returns 
the  0-ring».Jtt:)"  its  natural  shape.  Due  to  age  and 
tenn>eratiH-o  variations,  0-rings  ban  become  set 
(loss  of  resilience)  and  fail  to  perform  as  a  seal, 
0-rings' are  an  excellent  means  for  sealing 
shafts  projecting  through  an  optical  instrument 
body  housing^  and  for  ^rsealing  windows, 
inspection  i^lates,  and  various  other  fittings 
attached  to  optical  instruments.  When  O-rings 
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3.  Be  sure  the  gasket  surface  of  the  part 
and  the  gasket  itself  are  clean'.  Foreign  matter 
may  cause  a  gap  in  the  seal. 

4.  Place  the  gasket  in  the  correct  position 
and  make  sure  It  will  be  Hat  against  the  part  it  is 
sealing. 

5.  Tighten  the  parts  be  sealed 
sufficiently  to  stjueeze  the  ^sket;  however, 
excess  pressure  may  cut  the  gasket. 
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uro  iisejl,  the  seating  surfaces  milst  be  clean  and 
ahsoliitely  IVee  of  dents  or  scratches.  The  0-ring 
must  be  in  perfect  cotulition,  and  the  correct 
O-flYig  for  each  sealing  application  must  be  used. 

t  Because  of  the  requirements  for  |>erfeet 
seating  surfaces^  0-rings  are  removed  and 
installed  witl\  wooden  dowels  or  with  special 
brass  tools,  (lucful  use  of  these  tools  will 
prevent  damage  which  causes  unnecessary  waste 
of  t^^*  iUKl  material-"^ 

Alt!u)ugh  an  O-ring  may  appear  perfect  at 
first  glance,  slight  surface  flaws  may  exist.  These 
are  ofte^i  capable  of  preventing  siUisfactory 
O-iing  performance. 

By  rolling  the  ring  on  an  inspection  cone  or 
dowel,  you  can  check  the  inner  diameter  surface 
for  small  cracks»  particles  of  foreign  material, 
and  other  irregularities  that  will  cause  leakage  or 
shorten  the  lifV  of  O-rings.  The  slight  stretching 
of  the  ring  wlien  it  is  rolled  inside  out  will  help 
to  reveal  some  detects  not^  otiierwise  visible. 
Make  a  further  check  of"  ^acli  O-ring  by 
stretchtng  it  betwtjen  your  fingi/rs,  but  be  careful 
not  to  exceed  the  elastic  hmiis  of  the  nibber. 
Following  these  inspection  practices  will  prove 
to  be  a  maintenance  '^conomSillpt  is  far  more 
desirable  to  take  care  in  /  identifying  and 
inspecting  O-rings/ than  to  r^'peatedly  overhaul 
components  because  of.  faulty'^ids;  If  an  O-ring 
has  any  defect,  discard  it*.  / 

Tlie  problAi  of -ptositivyy  identifying  the 
col^rcct  O-ring  to  use  is  /^Irde/more  difficult 
because  many  of  these  scffls  i^ppear  identicaMn 
si^e  and  color,  but  are  /ntended  for  diffcxentj 
applications.  For  this  r9{ison,  0-rit)gs  are  sealed 
in  envelopes  with  a  la^el  wliich  indicates  part 
number,  size,  and  life/^xpectancy.  Always  keep 
0-rings  in  tlieir  original  package  until, ready  for 
use,  and  determine  q^xactly  which  seal  to  use  for 
each  application. 

PACKING 

As  used  in  mechanics,  the  term  packing 
refers  to  the  material  used  to  seal  an  opening 
where  the  two  conu>onent  parts  move  in  relation 
.to  each  other.  The  type  of  material  used 
depends  on  sSeveral  factors  such  «s  temperature, 
pressure,  and  type  of  ^motion,  thjj^  n^ost 
commonly'  used  packing  mhterials  for  optical 
instruments  are  natural  rubber,  plastics,  flax. 

6- 


irnd  synthetics  such  as  ncoprcne  and  koroseal. 
TH^^sc  packing  materials  come  in  wide  ranges  of 
ticiisiiy,  rrnsile  s^ength,  and  shape.  Packing  can 
be  in  cither  pre  for  nied  shapes,  as  shown  in  ligure 
or  in  bulk  sheet  a?id  spools 

U^ifortunately,  the  lengtli  of  time  that  a  seal 
will  function  property  depends  pn  many  faclors; 
many  of  them  unpredictable.  Therefore,  it  is 
almost  impossible  to  say  thaJtji  seal  will  wear  Out 
wtthtn  a  si^e^ifted  ttme.^-^  ~ 

Each  time  a  component  or  unit  is 
disassembled  ,  the  seals  should  be  carefully 
inspected.  If  there  is  any  doubt  as  to  their 
condition,  they  should  be  replaced.  In  most 
cases,  automatic  replacement  of  the  seal  is 
s  t  a  n  d  a  r<l  p  r  o  c  e  d  u  re .  The  m  anu  f ac  t  u  rer's 
recommendations,  along  with  the  previous 
experience  of  the  personnel  repairing  the  unit  or 
component,  should  be  the  main  criteria  for 
determining  when  to  replace  a  specific  seal. 
Installation  of  seals  should  be  carried  out  as 
specified  in  the  maintenance  manual, 
manufacturer's  .publication,  or  Naval  Shif)s' 
Technical  Manual 

It  has  ,  been  found  from  experience  that 
packings  deteriorate  with  age,  Therefore, 
knowing  and  understanding  packing  shelf  life 
will  save  you  many  hours  of  unnecessary  toil  in 
repiifcking  a  unit  and  having  it  still  leak  because- 
the  packing  was  .defective  due  to  age.  k 
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Prior  to  installing  natural  and  synthetic 
rubber  packings,  you  must  check  to  detent) Inc 
whether  these  parts  are  acceptable  for  use.  All 
natural<  and  synthetic  rubber  packing  containers 
arc  marked  to  facilitate  an  age  control  prdgrain. 
This  inforinatioi\  is  available  tor  all  packings 
used,  regardless  of  whether  thtT  packing  is 
stocked  on  sliipboard.  at  stock  distribution 
points,  or  furnished  rfs  an  integral  part  of  a 
itimUQntiii.  .Positive  idciuification,  indicating  * 
the  source,  cure  date,  and  expiration  date  inust^ 
be  iliade  of  packings. 

Cure,  'date  means  the  time  tiie  packing  was 
manufactured,  and  is  designated  by  the  quarter 
of  the  year  and  the  year  of  manufacture. 
Packings  manufactured  during  any  given  quarter 
arc  considered  one-quarter  old  at  the  end  of  the 
succeeding  quartisr  ^For  purposes  explaining 
the  coding  used  bjj^anufacturers  ro  ^lesignate 
(he  cure  date,  each  is  divided  into  quarters 
as  follows: 

First  Quarter:  January.  February ,  ijnd  March 

Second  Quarter:  April.  May.  and  June 

Third  Quarter;  July,  August,  and  September  > 

Fourth  Quarter:  October.  November,  and  . 
December 

Expiration  date  is  the  date  aher  wliich  a 
packing  CANNOT  be  u.sed  in  service,  and  time 
of  delivery  means  the  date  of  acceptance  by  (he 
purchaser.  All  packing  must  be  scrapped  if  not 
put  into  use  by  the  time  of  the  expiration  date. 

Packing  is  packaged  by  the  manufacturer 
witli  a  cotle  which  indicates  year  and  quarter  of 
mamitacture  and  the  expiration  date. 


EXAMPLE  1076  Expiration  Date:  March  78 

Tliis  code  indicates  the  packing  was  produced 
during  the  first  three  months  of  1976,  and  it 
should  be  used  before  March  of  i978. 

If  a  package  does  not  have  a  legible 
expiration  date,  reject  it.  Likewise,  if  any 
packing  is  not  in  its  original  package,  do  not  use 
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Packing  should  always  be  stored  away  from 
sunlight  and  in  a  low-humidity  area.  Storage  area 
temiK'iatures  are  also  important.  A  range  from 
60"  to  IOO°F  is  usually  satisfactory,  and  in  no 
case  should  the  temperature  txceed  I25°F. 


LUBRICATION 

Proper  lubrication,  using  only  authorized 
lubricants,  is  an  inifwrtant  part  of  optical 
instrument  repair.  It  is  a  matter  which  has  been 
regarded  too  lightly  in  the  past,  the  theory  being 
that  any  grease  or  oil  would  do.  Experience 
proves  that  such  an  idea  is  detrimental  to  the 
best  performance  of  the  instrument. 

A  lubricant  may  work  perfectly  in  temperate 
zones,  but  stiffen  up  (6  the  vxfent  of  rendering 
the  instrument  useless  in  colder  climates. 
Likewise,  a  lubricant  suitable  for  use  in 
temperate  and.  cold  climates  may  be  entirely 
unsatisfactory  for  use  in  hot  regions,  where,  the 
heat  could  soften  tlie  lubricant  to  the  point  of 
flowing  into  locations  where  its  presence  would 
impair  the  functioning  of  the  instrument. 

The  foregoing  facts  are  particularly  of 
importance  in  the  case  of  optical  instruments 
where  eVcn  a  very  thin  film >of  grease  or  oil  on  an 
optical  surface  would  render  the  instrument 
absolutely  useless.  Since  the  Navy  must  use  its 
optical  instruments  in  climates  from  one 
extreme  to  the  other,  the  lubricants  used  must 
perform  properly  under  widely  varying^ 
conditions  and  in  no  way  Impede  the 
functioning  of  the  instrument. 

An  excessive  amount  of  lubricant  is  a  waste, 
and  often  is  as  bad  as,  or  worse  than,  not 
enougli.  Where  closely  mated  "parts  that  require 
only  a  very  thin.film  of  lubricant  are  concerned, 
an  excess  can  introduce  errors  in  the  reading  of 
the  instrument. 

The  primary  purpose  of  lubricants  in  optical 
instruments  is  to  provide  smoothness  of  action. 
Lubrication  is  not  used  to  prevent  wear,  as  is  oil 
-Jn  an  automobile  engine.  Thus,  only  a  little  will 
go  a  long  way. 

The  Navy  buys  readymade  lubricants  which 
have  been  found  to  be  satisfactory  for  use  on 
optical    instruments.    Tliese  recommehded 
*  lirbricants  arc  manufactured  in  different  grades 
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adaptable  to  all  types  of  applications  and 
temperature  ranges. 

As  an  optical  repairman  you  should  always 
follow  the  specifications  of  technical  manuals 
when  lubricating  an  optical  instrument.  When 
specific  instructions  are  not  available,  ask  your 
shop  supervisor  which  lubricants  to  use, 

—  •  * 

APPLICATION 
OF  LUBRICANTS 

To  apply  grease  to  a  surface,  use  a  rouiul 
hardwood  stick  which  has  a  chisel  point  on  one 
encL  Dip  tlie  end  of  the  stick  into  the  container 
and  pick  up  a  small  amount  of  grease  on  the 
end. 

Apply  the  grease  to  the  surface  to  be 
greased,  smoothing  it  out  with  the  stick  so  that 


the  entire  bearing  surface  is  covered  with  a  thin 
film  of  the, grease. 

Fit  the  greased  parts  together  and  run  them 
in;  or  in  the  cH^e  of  a  screw,  turn  it  In  and  out  a 
few  tiimjs  to  distribute  the  grease  evenly  over  its 
entire  working  area.  Then  remove  the  excess 
grease  that  is  forced  out,  using  the  stick  to  pick 
off  the  bulk  of  the  uiintieded  lubricant. 

Wipe  grease  from  ureal?  where  norrc  jshuirkl 
/remain,  using  a  clean,  lintless  cloth  moistened 
with' solvent.  '  ^ 

Keep  the  oils  in  small  individual  instrument 
oil  cans  fitted  with  a  cap  for  protection  against 
dirt.  Grease§  must  be  kept  in  clean  jars  or  cans 
and  kept  covered  when  not  in  use  to  prevent 
contamination  by  dust,  grit,  and  dirt.  All 
containers  {ihoukl  be  properly  labeled  with  the 
name  of  the  lubricant  and  also  the  material 
specification  number.  ** 
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MAINTENANCE  PROCEDURES—PART  I 
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This  chapter  provides  intormation  on  repair 
and  maintenance  ot  optical  instruments.  We  will 
stress  the  importance  of  careful  handling  and 
cleanliness  of  the  instruments  you  will  maintain 
and  the  tools  you  will  use. 

Optical  instruments  are  expensive^ 
precision-built  devices,  and  we  cannot 
overemphasize  the  care  in  maintaining  therh/  If 
an  instrument  is  handled  roughly  or  dropped, 
(he  shock  mlay  ^  result  in  misalignment  or 
breakage  of  the  optical  and  mechanical  parts. 
When  this  happens,  you  have  only  one 
choice -REPAIR.  You  must  unseal  the 
instrument,  disassemble  it,  mfifke  repairs, 
reassemble,  and  collimate.  This  Amounts  to  a  lot 
of  work  caused  by  thoughtlessness  and 
negligence  in  handling. 

Optical  instruments  are  shipped  in  specially 
constructed  containers  designed  tor  adequate 
protection  during  transportation.  When  you 
receive  optical  instruments  in  the  Shop,  check 
the  containers  for  damage  and  cleanliness;  then, 
if  you  do  not  start  to  work  on  the  instrument  at 
once,  stow  them  in  clean  storage  cabinets  or 
spaces  provided  for  them.  CAUTION:  When  you 
rflust  move  an  instrument  from  one  location  to 
ahother ,  if  possible,  move  it  in  its  container. 


\  .  Most  contajjtiers  for  0|i>tical  instt'uments  have 
catches  or  locks  to  secure  the  instruments  in 
position/ When  you  put  an  instrument  into  its 
container,  place  it  gently  in  position  and 
f  carefully  close  the  lid.  DO  NOT  TRY  TO 
;  FORCE  AN  INSTRUMENT  INTO  ITS 
CONTAINER  NOR  SLAM  THE  COVER  SHUT. 
If  the  instrument  does  not  slip  easily  into  its 
ciise^  check  fof  an "  extended  drawlube^  or 
something  else   which  is  hindering  smooth 
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entrance  into  proper  position.  CAUTION: 
Always  secure  the  cover  of  the  container  with 
the  catches  installed  by  the. manufacturer. 

INSPECTION  AND  TESTING 

Your  duties  as  an  Opticalman  will  always 
call  for  you  tQ  inspect  and  test  optical 
instruments.  The  inspection  may  be  held  aboard 
ship  before  the  instnunent  is  delivered  to  the 
shop,  or  you  maVxhold  it  just  before  you  begin 
the  repair  work.  In  aimca^^^  the  inspection  ^nd 
testing  of  an  optical  iiktrament  are  vital,  and 
you  should  have  a  thoroiigli  knowledge  of  the 
instrument  and  procedures  used  to  inspect  it.  If 
an  instrument  is  unfamiliar  to  you,  study  all 
information  concerning  it  in  Ordnance 
Pamphlets  (OP*s),  NavOrd  publications*, 
N  a  vShips  Manuals,  and  blueprints.  Never 
attempt  to  disassemble  and  repair  an  instrument, 
until  you  fully  understand  it. 

INSPECTION  OF  INSTRUME3STS 

There  may  be  occasions  when  you  will  be 
given  full  responsibility  for  inspecting  all  optical 
instruments  aboard  a  ship.  By  carefully  locating 
all  deficiencies,  you  will  be  able  to  save  yourself 
and  your  repair  activity  considerable  work. 

CAUTION:  When  you  inspect  an  optical 
instrument  in  u^e  aboard  ship  and  follow  up 
with  minor  repairs,  do  NOT  DISTURB  the 
optical  system  unless  it  is  required.  ' 

During  predisassembly  inspection  of  an 
instrument,  use  a  casualty  analysis  inspection 
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sheet  and  record  all  your  findings  on  (t.  A 
stuupic  casualty  analysis  sheet  is  shown  in  lignre 
7- 1 . 


Mochaiiicai  Coiulltion 


Carefully  cxumiiie  mechatiical  controls,  and 
ehcckr  gear  TncchniTt^jms"  fV)r  slack  or  excessive 
tightness.  If  the  instrument  is  mounted  on 
bearings,  check  them  for  dents,  gouges,  and 
corrosion, 

fry  tlie  focusing  action  of  the  eyepiece  to 
find  out  if  you  can  focus  it  (in  and  out)  without 
binding  or  dragging.  If  binding  or  dragging 
exist.«5,  the  eyepiece  is  damaged  or  improperly 
lubricated. 


-  y  ^ — .  ^ 

BINOCULAR 

CASUAITY  ANALYSIS  SHEtT, 

M«rk            Mod  Seri.ll 

* 

Of)tic.)l  Condition 

Coating 

Internal  Cle«nHnes5 

CetiMjnt 

MoiUure 

Chips 

MechankiO  Condition 

Focusint)  Action  nfj 

RIGHT 

Hinqe  Tension 

Eye  C.ips 

Objective  Caps 

Paint 
ColHiMtlon 

^vering 

Step 

[)iverqence 

Lean 

0  Diopters 

RCPAIRHAN  1 

137.566 

FIgurt  7-1.-«nooui*r  eaiualty  analytit  ihMt. 


Backhish    in    the   focusing  action  of  an  ♦ 
cyc(>iece  is  usually  caused  by  a  loose  stop  or 
retainer  ring,  but  it  may  be  caused  by  a  loose 
key  in  a  spiral  keywaV  assembly. 


Check  the  mechanical  0  diopter  setting  of 
the  eyepiece  to  determine  whether  the  index 
mark  points  to  0  diopters  when  the  eyepiece  is 
at  midthrpw  ^halfway  in  md. halfway  iiut>.  The- 
tocusing  action  should  be  such  that  the  index 
mark  cICars  all  graduations  (plus  and  minus) 
during  full  travtM  of  the  focus  knob. 

II  the  instrument  has  a  ray  filter  assembly, 
check  the  action  of  the  control  knob.  If  rotation 
of  the  ray  fHter  shaTt  does  not  turn  the  color 
iilters  in  or  out  of  the  line  of  sight,  the  cause  is 
most  likely  improper  meshing  of  gears  or 
detachment  of  the  gear  itself  from  the  shaft.  If 
the  shaft  does  not  rotate,,  it  is  corroded  or  bent. 

♦ 

All  jnechanistns  must  move  freely  without 
binding,  slack,  backlash;  or  lost  motion.  Moving 
parts  should  be  just  tight  enough  to  ^ceep  them 
in  proper  position.- 


Check  for  missing  or  broken  parts -retainer 
rings,  setsci'ews,  and  so  forth.  You  can  locate 
loose  or  broken  internal  parts  by  shaking  the 
instrument.  * 

r 

/ 

^  If  the  instrument  is  gas  seated,  check  its  gas 
pressure  by  attaching  a  pressure  gage  to  the  gas 
inlet  fitting.  Then  crack  thp  valve  screw  aii^read 
the  pressure  on  the  gage.  Correct  pressure  in 
nitrogen-charged  optical  instruments  is  indicated 
Ml  the  manufacturer's  technical  manual  for  each 
particular  instrument.  If  the  gage  indicates  no 
pressure  in  ihe  instrument,  there  is  a  bad  gasket, 
a  loose  fitting,  or  a  loose  screw.  Check  for  all  of 
these  defects  when  you  disassemble  a  gas-filled 
optical  instrument. 


Optical  System 


Because  optical  elements  constitute  the 
heart  of  an  opticalinstrument,  inspection  of  the 
optical  system  is  veh(  important,  and  you  must 
learn  to  do  this  phase  of^your  work  well.  When 
you  first  examine  an  o)|(tical  system,  you  may 
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have  (litTlcUliy  hi  distinguishing  one  clement  ^ 
from  another.  WitIV  experience,  however,  you 
will  he  able  to  see  each  element  in  the  system. 
.  aiul  you  will  he  ahle  to  pinpoint  detects. 

The  best  niethod  lor  inspecting  the  optical 
Jiyflcm  of  an  instjlumcnt  is  to  point  it  toward  an 
ilhujjinated  area  and  look  Tor  the  following;  • 

V 

Dirt  aiul  Uu^t;  Dirl,  and  duvst  show  ujr  a.s 
spots  (specks)  on  the  surface  of  an  optical 
elementr^ 

Oups.  Scratches.  Breaks:  These  defects  in  an 
optical  element  show  up  as  bright,  star-like 
specks,  scratches,  or  large  briglit  areas  when  light 
is  reflected  fronrtlJem. 

(Jrease  or  Oil:  (Jrcase  or  oil  on  an  o|)tical 
element  is  indicated  by  streaked,  clouded,  or 
/nebulous    areas,    with    an    occasional  briglU. 
triinslucent  spot.  % 

Moisture:  Moisture  shows  ^p  as  a  sharply 
defined  nebulous  area,,  with  brilhant  reflection 
or  a  diffused,  cMided  appearance  when  the  area 
is  not  illuminated, 

*  Fungus  or  Watermatks;  Brown  or  green 
patches,  or  stains,  indicate  the  presence  off 
fungus  or  watermarks.  Deposits  of  salt  cause  a 
grainy,  milky  color  similar  to,  that  of  frosted 
glass, 

DettMioratcd  Balsam:  Deterioration  of 
Canada  balsam  used  to  cement  lenses  together  is 
indicated  by  a  dark  yellow  color,  or  areas 
between  tfie  elements  appear  milky  colored  or 
opaque.  When  the  cement  just  begins  to 
separate^  bubbles  or  splotches  shaped  like  oak* 
leaves  appear  between  the  elements.  If  there  are 
brightly  colored  bands  or  rings  (Newton*s  Rings) 
between  the  elements,  the  lenses  are  under  strain 
in  their  mounts,  or  the  elements  have 
completely  separated. 

Hazy  or  Clouded  image:  Foreign  matter  on 
the  objective  lens,  the  erectors,  or  the  prisms  of 
an  optical  system  cause  a  hazy  or  clouded  image. 

You  can  examine  color  filters  in  an  optical 
system,  if  they  are  within  the  focal  length  of  the 


eyepiece,  by  holding  one  eye  a  few  inches  from 
the  eyepiece  and  turning  the  ray  filter  shaft. 
Defects  on  a  filter  show  up  when  it  rotates  in 
and  out  of  the  line  of  sight. 

If  the  field  of  view  (true  field)  is  not 
perfectly  round,  there  is  a  loose  diaphragm 
within  the  instrument  or  the  color  filter  plate  is 
not  properly  engaged  with  the  detent  ball  or 
roller. 

Modern  optical  instruments  have  a 
transparent  metallic  coating  on  optical  elements 
to  improve  light  ^transmission  through  the 
ifistrument.  With  utTcoatcd  optics,  there  will  be 
an  approximate  5%  loss  Of  incident  light  at  each 
air-glass  surface  due  to  .surface  relTection,  When 
magnesium  fluoride  is  correctly  applied  to 
optics,  this  loss  of  incident  light  is  reduced  to 
about  1%. 

The  magnesium  fluoride  coating  is  deposited 
on  optics  to  a  depth  of  1/4  the  wavelength  of 
yellow-green  light.  Tliis  amounts  to  four 
jnillionths  of  an  inch  (.000004),  You  do  not 
need  to  actually  mcnisure  this  coating  when  you 
perform  an  inspection.  If  you  view  an  optical, 
element  under  a  strong  white  light,  properly 
coated  optics  will  show  a  reddish-purple 
reflection.  If  the- reflection  from  coated  optics  is 
yellow,  green,  or  deep  blue,  the  coating  is  ^f 
incorre,ct  thickness,  and  light  .  transmission 
through  the  instrument  will  be  reducejd.  This  is 
cause  tor  rejectipn  of  the  element. 

^  A  f  <iw  scratches  on  the  coating  of  an  optical 
element  will  have  no  effect  j  on  light 
transmission;  however,  if  most  of  the  coating  has 
been  removed  through  improper  cleaning  or 
chemical  action,  the  element  should  be  replaced. 

Reticles  or  other  optics  that  are  located  at 
an  image  plane  aro  never  coated  since  scratches 
or  other  defects  in  the  coating  would  be  visible 
and  very  undesirable. 

The  mating  surfaces  of  cemented  lenses  are 
not  coated  since  there  is  no"  air-glaSs  surface^ 
therefore,  surface  reflection  is  not  a  problem. 
Reflecting  surfaces  of  prisms  are  not  coated  for 
the  same  reason. 
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his|K*ct  silvered  prisms  ;nul  mirrors  Tor  signs 
•  of  wear,  peeling,  or  tiarkcnmg  of  tlic  silvered  or 
ulumini/.ed  surfaces.  All  of  these  defects  show 
up  as  bli.*{ters  and  cracks  in  the  coating,  or  « 
yellowish  color. 

Some  optical  defects  arc  illustrated  in  parts  - 
A  through  K  in  figure  1-1.  If  available,  get  some 
lenses  with  the  defects  sl^own.  and  study  them 
  M  yPM  rml  (lic  Mlowing  mlormution.- 

CHIl?.  A  chi|).(lfj;.  7-2A)  is  a  breinwjt  the 
edge  of  a  lens  or  prism  caused  by  uneven 
pressure  ok  Iumis  on  Jhe  seat  of  the  lens  mount. 

NOTCH.  A  notch  (fig.  7-:B)  is  a  gcou»a)off 
surface  of  a  lens  or  prism.  A  notch  is  serious 
only  if  it, is  located  where  it  will  interfere  with 
sealing  or  light  transmission. 

SCRATCH  AND  STRIPE. -A  scratch  (fig. 
7-2C)  remains  visible  as  you -rottite  a  Moiis  or 
prism  through  360°;  a  stripe,  on  t4ie  other  hand, 
vanishes  at  some  position  as  you  rotate  the 
optical  element.  You  can  see  scratches  and 
stripes  most  easily  in  optical  ^dements  when  you 
place  the  elements  against  a  dark  background. 

RING. -A  ring  (fig.  7-2D)  is  a  circular  mark 
around  the  external  edges  of  a  lens,  and  it  is 
caused  by  wear  of  the  lens  by  the  mount  seats 
and  the  retainer  ring.  An  mternal  ring  between 
the  elements  of  the  lens  may  appear  at  tl'ie  edges 
,  of  the  lens  when  lens  cleaning  fluid  dissolves  the 
Canada  balsam. 

CRACK.  -A  crack  Uig.  7-2E)  is  a  fracture  of 
the  lens  or  prism  generally  causbd  by  a  sudden 
change  of  temperature,  because  the  center  of  the 
optical  element  does  not  expan(for  contract  as 
rapidly  as  its  edge  section. 

BUBBLE.-A  bubble  (fig.  7-2F)  may  result 
from  gases  left  in  the  glass  during  manufacture 
or  from  air  which  did  not  escape  from  the 
cement  when  the  elements  were  joined. 

STRlAE.^Striae  (fig.  7-2G)  look  like  veins 
or  cords  running  through  the  glass,  and  you  can 
see  them  by  looking  througli  the  glass  at  a 


contrasting  light  and  dark  background.  This  is  a 
manufacturing  defect  in  the  optical  element. 

BLISTER.  A  blister  (fig.  7-2H)  is  an  air 
,  bubble  trapped  in" the  layer  of  vement  between 
two  lenses.  If  it  extends  toward  tfie  center  of  the 
lens,  it  is  called  a  RUN-IN,  generally  produced 
by  the  dissolving  action  of  a  cleaning  lluid.  A 
'^\'''^**i'">_  '^owever^  may  result  fmm  uneven 
mounting  during  as.sembly  of  fhe  instrument,  or 
by  dirt  between  cemented  lenj^es.  Blisters  can  be 
seen  best  by  reflected  light,  ftnd  they  usually 
increa.se  in  size  over  a  period  of  lime, 

DIRT  l;UZZ.-Lint,  dust,  or  dirt  (fig.  7-21) 
in  the  layer  of  a  cement  between  lenses  may 
eventually  cause  a  blister.  You  cftn  .see  this  type 
of  foreign  matter  in  a  lens  most  easily  by 
transmitting  light  against  a  dark  background. 
Dirt  fuzzrft  caused  by  careless  cleaning  and 
cementHig. 

STAIN. -A  stain  (fig.  7-2J)  is  usually  brown 
or  green  in  cojor  and  is  produced  by  evaporation 
of  moisture  which  gets  on  lenses  or  prisms  and 
dissolves  some,,  of  the  antireflecting  coating, 
thereby  causing  a  very  faint  deposit  (sometimes 
bacterial  in  growth). 

UNPOLISHED  CONDITION. -An 
unpolished  optic  (fig.  7-2K)  results  from  the 
manufacturer's  failure  to  remove  grinding  pits 
frogi  it.  In  some,  instances,  however,  this 
condition  is  apparent  on  optical  surfaces 
exposed  to  gases,  grit,  and  particles  of  all  sorts  in 
the  atmosphere. 

PARALLAX  AND  COLLIMATION.-The 
last  step  in  checking  the  optical  systeitf  of  an 
instrument  is  to  test  for  parallax  and  collimation 
of  the  instrument.  Always  check  the  collimation 
of  an  instrument  before  you  disassemble  it 
because  the  information  you  obtain  w'dKhelp 
you  during  repair  and  reassembly  steps. 

You  can  check  the  collimation  of  aikjptical 
instrument  in  two  ways:,(j)  look  througlKthe 
instrument  at  art  outside  target,  or  (2)  check  it 
more  accurately  with  an  auxiliary  telescope  and 
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Figure  7-2.-Optic«l  dtftcti.  ^ 
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a  colli imitor,  Tlie  tlrs^t  inlthoci,  however,  is 
generally  usee!  when  t|uick  results  are  necessary. 

Focus  the  instrument  on  a  distant  target  and 
check  for  parallax  by  moving  tlie  eye  from  side 
topside  and  up  and  down,  If  parallax  is  present, 
.the  reticle  (crossline)  will  appear  slightly  out  of 
focus  and  seem  to  move  back  and  forth  or  up 
and  down  over  t^e  target.  If  parallax  is  noU 
— pF*?senf;  thi*  reficlc  will  be  in  sharp  focus  witlfF 
the  target  and  remain  superimposed  in  one  spot 
on  the  target,  regardless  of  ^le  direction  in 
which  you  move  your  eye  behind  the  eyepiece. 

DIOPTER  SETTING.-To  check  the 
eyepiece  diopter  setting,  focus  tha  instrument 
oil  an  infinity  target  "and  observe  the  position  of 
the  index  mark  on  the  diopter  scale.  If  the  index 
mark  is  not  pointing  to  your  personal  diopter 
setting,  0  diopters-is  incorrect,  .  . 

Lean,  -if  the  instrument  has  a  porro  prism 
erecting  system,  check  the  optical' system  for 
lean  by  looking  through  the  instrument  with  one 
eye  at  a  vertical  target  (flag  pole  or  side  of 
building)  and  by  looking  directly  at  the  target 
with  the  other  eye.  If  the  two  images  are  not^ 
PERFECTLY  parallel,  there  is  lean  in  the  optical 
system;  that  is,  the  image  through  the 
instrument  appears  to  lean  in  relation  to  the 
image  observed  with  the^naKed  eye,  The  reason 
for  this  lean  is  that  the  porro  prisms  are  not 
mounted  at  90°  to  each  other. 


TESTING  OF  INSTRUMENTS 


tAs  you  know,  good  performance  of  an 
optical  instrument  is  Obtained  only  when  the' 
images  it  creates  are  free  of  aberrations.  Opfical 
pei^formance  Is  basically  a  function  of  4e sign  of 
the  instrument  and  cannot  be  varied  unless  the 
characteristics  of  thA  optical  elements  are 
changed.  There  are  several  possible  service 
defec|s,  however,  which"  can  change  the  optical 
qualities  of  one  or  more  elements.  An  optical 
element  uader  strain  by  mechanical  parts',  for 
example,  9r  tilted  and  improperijil  positioned 
.elements  (faulty^  mounting),  badly  matched 
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recemented  optics,  and  even  mcorrect  optics  all 
cause  poorimiige  infidelity. 

Image  Fidelity  • 

The  accuracy  of  reproduction  in  an  image 
and  the  absolute  clarity  of  an  itpage  are  termed 
image  fidelity.  When  you  /Check  tlie  image 
fidelity  of  an  optical'  instrun/ent^  check_Ior  tw_CL 
things:  CENTRAL  RESOLUilON  and 
CENTRALASTIGMATISM. 

Take  a  close  look  at  figure  7-3,  which  shows 
a  standard  test  cliart  for  testing  image  fidelity  in 
optical  instruments,  and  figure  7-4,'  which  is  the 
test  pattern  for  astigmatism.  Iliese  test  charts 
are  available  through  naval  supply  channels. 
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NAtlONAL  BUREAU lOF  STANDARDS. 
TEST  CHART    |      25  X  ^ 


Figure  7-3.-lmag«  fidelity  teit  chart. 
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Figurt  7-4.-A»tlflmatl»m  pattarn. 
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linage  tidelity  test  chart  values  (tig.  7-5)  list  x 
Uie  spiicc  between  tl\e  centers  of  adfllcent  lines 
m  lines  per  inch,  the  distance  fronr which  you 
should  view  the  chart,  and  the  resolution 
requirements  in  terms  of  angle  in  the  tield  tor 
each  class  of  in>5trument.  The  corresponding; 
pattern  lor  the  astigmatism  test  is  also  given  in 
terms  of  the  number  of  lines  per  inch.  These  are 
selected  for  convenient  viewing  at  tlm  same 
distance  prescribed  for  the  resolution  test. 

TIh'  angular  limit  of  resolution  is  related 
invefe^sely  to  the  diameter  of  the  objective  lens, 
which  means  that  it  is  advisable  to  have  large 
objectives  for  sharp  defimtion.  A  target  shooter 
would  choose  a  scope  with  a  1  1/4-inch 
objective  (dlamtfter),  or  even  larger.  A  pair  of 
7  X  50  binoculars  provides  good  fesolution 
because  of  the  large  size  of  the  objective  (50  mm 
in  diameter),  and  for  this  reason,  it  is  better  than 
a  pair  of '7  X  35  binoculars,  with  a  35  mm 
.obk_ctiye.         .  , 


To  test  the  image  fidelity  of  any  particular 
instrument,  select  the  proper  pajtern  from  the 
chart  (fig,  7-5 )» locate  the  pattern  at  the  distance 
specified,  and  focus  the  instrument  on  tlie 
pattern.  If  you  do  not  get  a  clear,  undistortecl 
.image  of  the  test  pattern,  ifnage  fidelity  is  poor. 


Although  th^s;esolving  power  of  the  human 
eye  is  equal  to  I  miiWite  of  arc,  it  is  reduced  to  2 
or  3  minutes  of  mc  by  eye  fatigue  after 
continuous  j>lf5TnTation.  For  continuous 
operation,  therefore,  you  need  an  instrument  of 
greater  power  to  get  the  same  definition  you 
would  get  with  a  16wer-power  telescope  used  for 
short  intervals. 

PROCEDURE  FOR  TESTING  AN 
OPTICAL  INSTRUMENT  FOR 
ASTIGMATISM: 


1 .  Use  the  proper  test  chart  and  set  it  at  the 
distance  given  in  the  listing  of  values.  Sight  the 
test  pattern  with  the  instrument  to  be  tested, 
and  line  up  the  centojr  of  the  astigmatism  pattern 
in  the  center  of  the  tl€,ld,of  view. 

2.  Place  an  auxiliary  telescope  to  the 
eyepiece  of  the  instrument  undergoing  ihc  test 
and  adjust  it  to  bring  the  horizontal  set  of  lines 
into  sharp  focus.  Note  the  diopter  reading  on 
the  auxiliary  telescope.  CAUTION:  The  focusing 
adjust meiit  of  ^he  primary  instrument  (one 
undergoing  the  test)  must  NOT  BE  CHANGED 
after  you  perform  the  preceding  operation. 


InstrXuneiit 

e 

Resolution  ^In. 
Limit  In  Seconds 
of 
Arc 

Resolution 
I 

^Llnes 
per  inch 

D 
in 

feet 

Astigmatism 
1 

s 

Lines 
per  Inch 

'  A"  ' 

7x  50 
Binocular 

4 

56 

.  77 

28 

Telescopic 
'  XudadQ 

11 

40 

39 

20 

4ihlp^ 

Tflescope  > 

V 

56 

77 

28 

Aftlnuith 
Tel€8Co|>e 

4Ct. 

64 

2Q 

Telescope 

18 

40 

> 

24 

20^ 
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3.  Check  the  vertical  set  otihnes  for  focus.. 
H  it  is  not  sharp,  astigmatism  istoresent.  To  put 
the  vertical  set  of  lines  in  sharp  lAcus.  adjust  the 
auxiliary  telescope  diopter  rinAobserve  the 
diopter  reading.   . 

4.  The  nmxinuiin  allowable  differeiice 
between  the  horizontal  and  vertical  lines  is  0. 1 5 
diopters  for  the  primary  instrument  being 
tested.  Divide  the  diopter  difference  found  in 
the  auxHniry  toTescope,  steps  2  and  3,  by  the 
square  of  its  power  to'  arrive  at  the 
corresponding  change  that  would  be  found  in 
the  primary  instrument  without  t!ie  auxiliary 
telescope.  For  example,  the  diopter  change  in 
the  primary  instrument  eguals. 

J^opter  Change  in  Auxiliary  Telescope  (DC A) 
(Power  of  Auxiliary  Telescope^ ) 

As  you  can  see,  the  auxiliary  telescope  increases 
the  sensitivity  of  the  test'  by  the  square  of  its 
power.  The  maximum  allowable  diopter 
difference  for  typical  auxiliary  telescopes  is  as 
follows: 

'  Power  of       *    Maximum  Allowable 
Auxiliary  Telescope  ^    Diopter  Difference  ' 


3 
4 
'5 
6 


1 


1.35 
2.40 
3.75 
5.40 


5.   If  the  horizontal  and  vertical  lines  are  in 
focus  within  the  allowable  tolerance,  repeat 
steps  2  and  3  for  the  diagonal  sets  of  lines.  The 
"  same  tolerance  prevails. 

NOTE  :-Excessivo  astigmatism  may  be  caused 
..by  a  detective  or  poorly  mounted  lens.  Check 
the  objective  lens  first  and  then  the  reflecting 
surfaces  of  the  prisms  (objective  prism  first). 
These  surfaces  must  be- optically  tiat  to  close*^ 
tolerances. 

Poor  resolution  is  caused  by  defective 
objective  lenses  and  prisms.  Always  replace  the 
Objective  lens  first.  Misplaced,  unmatched,  and 
shifted    prisms   cause   trouble   because  they 
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displace  the  linMof  sight.  A  bad  reflecting  face 
on  a  prism  also  caijses  poor  resolution. 

To  check  an  optical  instrument  for  flares 
and  ghosts,  point  it  toward  a  small,  bright  object 
against  a  dark  background  and  focus  sharply.  If 
you  observe  rings  or  streaks  of  light,  or  one  or 
more  faint  ghost  images,  the  instrument  has 
excessive  internaf  reflection.  These  Ttef^rts 
indicate  that  the  optics  need  recodting  jbr  that 
the  interior  of  the  instrument  needs  a, 
nonreflecting  coating.  | 


lliuminntion  and  Contrast 


Reproduction  of  an  image  depends  upon  the 
amount  of  light  received  by  ^he  objective  and 
the  effective  transmission  of  this  light  through 
the  instrument.  For  maximum  efficiency  at  any 
given  light  intensity,  the  exit  pupil  of  an  optical 
instrument  must  equal  the  entrance  pupil  of  the 
eye  under  the  same  conditions.  Opaque  foreign 
substances-dust,  oil,  or  lint,  for  exampje-on 
any  optical  surface  reduce  .illumination  in  the 
systein  and  adversely*  affect  tlfc^  contrast 
between  light  and  dark  shaded  areas  of  tlie  ' 
target.  .  - 

To  test  for  illumination  and  con(,rast  in  an 
optical  instrument,  focus  the  instrument  on  a 
distant  object  and  clieck  the  clarity  of  the 
image.  The  image  should, be  nearly  a?  bright  and 
well  defined  asjhe  object  appears  to  the  naked 
eye.  If  the  image  is  dim  or  indefinite,  look  for 
dirty,  stained,  or  uncoated  optical  surfaces, 
darkened  mirrors  or  cement,  or  damp  or  oily 
optics. 


Spherical  Aberration 


To  test  an  optical  instrument  for  spherical 
aberration,  cover  the  outer  half  of  the  objective 
with  d  ring  of  black  paper,  focus  sharply  on  a 
distant  object,  and  read  the  diopter  scale.  Then 
remove  the  ring  of  paper  and  cover  the  inner 
half  of  the  objective  with  a  black  disk.  Refocus 
the  instrument  and  read  the  diopter  scale  again. 
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lyhc  amount  of  movt*mcnt  61  the  eyepiece  for 
reusing  i$  very  small,  the^  instrument  is  well 
correctcil  for  spherical  aberration. 


Chrot]^aitic  Aberration 


To  test  an  optical  instrument  for  chromatic 
abeffattdn:     "  ^  , 

1.  Set  up  a  wliite  ;disk  agahist  a  black 
background,  far  enough  away  so  that  you  can 
focus  the  instrument  sharply.  When  the  image  is 
in  focus,  it  should  have  no  color  fringes. 

2.  Focus  in. a  short  distance  and  look  for  a 
light-yellow  fringe  around  the  image  of  the  disk. 

Refocus*  and  then  focus  out  a  short 
P.  distance,  at  which  point  the  image  should  be 
fringed  with  pale  purple. 

The  two  fringes  around  the  image 
.  (light-yellow  and  pale-purple)  constitute  the 
SECONDARY  SPECTRUM  of  the  optical 
system,  and  they  show  that  the  system  is  well 
corrected  for  prinsary  chromatic  aberration  (red 
9nd  blue). 


Coma 


Focus  the  instrument  sharply  on  a  sniall, 
round,  white  object  near  the  edge  Of  the  field 
and  study  the  image  produced.  If  the  image  is 
circular  and  flareless,  the  instrument  is  free  of 
Toma. 

NOTE:  Test  for  coma  at  five  or  six  different 
points  aroitnd  the  outer  edge  of  the  fieW. 


DivStortion 


•  To  test  an  optical  instrument  for  distortion: 

,         A.   Rule  a  pattern  of  vertical  and  horizontal 
•J:^  lines  on  ajarge  sheet  of  cardboard  and  put  it 


where  the  pattern  nearly  fills  the  field  of  view  of 
the  instrumer^t. 

2.  Focus  the  instrument  sharply  and  check 
the  image,  which  should  be  composed  entirely 
of  straight  lines.  If  any  of  the  lines  appear 
curved,  the  inuige  is  distorted. 


OVERHAUL  AND  REPAIR 


As  an  Opticalman,  you  have  a  complicated 
job.  To  repair  a^id  overhaul  optical  instruments, 
you  yill  use  a  wide  variety  of  tools;  you  will 
need  special  skills  and  a  lot  of  information  on 
many  subjects.  Only  by  careful  .practice  can  you 
develop  skill  in  using  your  balds' You  will  never 
do  it  just  by  reading  a  book.  The  b(5st  wfe  can  do 
in  this  chapter  is  to  try  to  get  yoiistarted  right. 

We  will  give  y>ou  a  brief  introduction  to 
subjects  like  these:  the  use  of  handtools; 
soldering  and  silver  brazing;  l^andling  chemicals; 
the  use  of  blueprints;  heat  treating  metals; 
cleaning  and  painting  optical  instruments;  and 
cleaning  and  cemejitirtg  optics*  We  wiH  introduce 
you  to  your  tools,  tell  you  what  they  are  for, 
^nd  give  you  a  few  tips  that  will  save  you  time 
and  trouble.  The  rest  is'up  to  you.  Stay  alert, 
look  around  you,  and  ask  questions.  Learn  all 
you  can ,  about  each  job.  Then,  when  you 
understand  it,  try  it  for  yourself. 

Keep  your  working  space,  your  clothes,  your 
tools,  and  your  hands^  strictly  clean.  It  is  a  good 
idea  to  cover  the  top  of  your  workbench  with  a 
large  sheet  of  clean>  light-colored  paper  ^ef6re 
y>s^u  jbegin  to  work.  You  can  keep  your  hands 
from  sweating  by  washing  them  frequently  in 
cool  water.  Any  fingerprint*  you  leave  on  an. 
optical  element  will  etch  the  surface  and  destroy 
'the  optic. 

'  ■  ^ 

The  old  saying  "a  place  for  everything  and 
e-verything  m  its  place"  i?^ especially  true  in  the 
optical  shop.  You  cannot  do,  an  efficient  repair 
job  if  you  have  to  stO|J  and  look  around  for. 
evj^ry-tool  you  4ieed.  Ke?p.,e|icJ[i  tool  in  i|s  place, 
whether,  it  *is  in  your  toblbOx  or  the  §h6f> 
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toolroom.  Wlien  you  have  finished  with  it,  do 
not  put  it  back  until  you  have  cleaned  it.  You 
will  do  better  work,  with  less  effort,  if  you  keep 
your  tools  in  good  shape  i«d  use  them  only  for 
the  Jobs  they  are  intended  to  do. 


€X)MMON  TOOLS 


Many  of  the  tools  used  In  optical  repair 
work    are    common    handtools    wliich  art? 
thoroughly    discussed    In    Basic  Haridtoois, 
NAVEDTRA    10085    Series.    However,  the 
quality  of  the  tools  and  their  condition  are  vital 
to    the    work    done    on    precision  optical 
instruments.  When  you  select  a  tool  for  use  in 
the  optical  shop,  be  certain  that  it  Is  the  highest 
quality  tool  available  and  that  it  is  in  good  v 
condition.  Your  skill  in  selecting,  maintaining,  I 
and  handling  tools  is  a  measure  of  your  expert^"^ 
in  the  CM  rating. 


SPECIAL  TOOLS 


Of  all  the  various  tools  used  by  an 
Optjcalman  the  most  vital  are,  special  tools 
which  are  usc<j  specifically  for  optical  work. 
Those  special  tools  may  be  manufactured  by  the 
repairman  himself,  or  on  rare  occasions, 
purchaai^d  through  normal  supply  channels. 
When  ybii  must  manufacture  a  special  tool,  the 
same  quality  standards  that  .apply  to^all  optical  ' 
instruments  must  be  used  to  ensure  that  the  tool 
is  property  made, 
i 

The  rtret  step  in  mai^ufacturing  a  tool  is  to 
make  a  *|tfetch  which  shows  exact  dimensions 
and  the  tj^pe  of  material  that  is  to  be  used.  If 
you  are  in\doubt  ^ibout  the  procedure  to  follow 
or  vhich  n^achlnery  to  use  in  making  the  tool  go 
the  shop  syipervisor  for  guidance.  Remember: " 
Never  opi^rate  any  machinery  until  you  are 
thorough^  familiar  with  the  operating 
instructions  tnd  safety  precautions. 

\ 

\ 

Some  of  Ahe  special  tools  used  constantly  in 
opticar  repyr  work  are  discussed  in  the 
fbUowing  para|nphs. 
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FIgurt  7-6.-Rtt«lntng  ring  wr«neh«s. 


Pin  Wrenches  , 

Study  the  different  types  of  wrenches^iown 
in  part  A  of  figure  7-6.  These  wrgjatha?  are 
known  as  adjustable  spanner  or  prti  wrenches 
and  ure  manufactured  by  the  repairman.  Part  B 
of  figure  7-6  shows  an  Opticalman  using  the 
blade  POjgion  of  a  pin  wrench  to  rotate  a  slotted 
retainer  wng  in  a  lens  mount.  A  retainM-  ring 
may  be  made  with  two  small  holes  (instead  of 
slots)  spaced  180"  apart,  in  which  case  tli^ 
pointed  tips  pf  the  wrench  are  used  to  tiim  ihe 
ring.  This  special  tp6\  is  adjustable »  and  it  caifbc 
used  to  remove  or  tighten  retaining  rings  of 
various  sizes. 

CAUTION:  Slippage  of  a  pin  >^rench  during 
use  can  damage  unprotected  optical  surfaces,  as 
well  as  the  retainer  ring  and  mount.  To  prevent 
any  damage,  be  very  careful  when  you  lise  the 
wrench;  be  sure  it  fits  properly  in  the  slots  or 
holds  pf  the  retainer  ring,  and  protect  optical. 
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surfaces  wUh  rubber,  blotting  pop^r,  or  cte«n 
cardboaftl  disks.' 

Grip  Wrenches 

Figure  7-7  shdws  a  grip  wrench  (part  A)  and 
the  procedure  for  using  it  (part  B).  A  grip 
wrendi  is  made  of  fiber  with  holes  in  steps  of 
1/16  inch,  ranging  in  size  from  1/2  inch  to  about 
I  inch,  and  then  at  r/8  inch  intervals  up  to  sizes 
of  about  4  inches. 

When  you  use  a  grip  wrench,  select  the 
smattest  size,  which  meets  a  specific  need, 
without  forcing  it  onto  the  part  you  must  turn. 
CAUTION:  Grip  wrenches  can  exert  tremendous 
pressure.  Most  optical  parts  are,  by  necessity, 
tliin  and  light.  To  prevent  crusiiing  the  parts,  try 
to  use  the  grip  wrench  over  the  portion  of  a  tube 
reinforced  w«h  a  retainer  ring  or  lens  mount. 

Hinge  Pin  Pullpr  \ 

Some  speSp^ools  are  useful  for  only  one 
purpose  airfare  used  on  only  one  type  of 
instrumeny.  A  binocular  hinge  pin  puller  is  an 
example  of  such  a  tool.  Figure  7-8  shows  a  cross 
section  of  a  hinge  pin  puller  with  which  you  can 
pull  and  install  a  tapered  binocular  hingt  pin 
without  damaging  other  components  of  the 
hinge. 


Flgnri  7-8^-<^Binoeulir  hlnfii  pin  puUir. 
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AUXILIARY  WINDOW 
RETAINER  RING  WRENCH 


(Protecting  Tap«) 


TELESCOPE  BODY 
MK  2,  Mod  3 


(Protecting  Tape) 


Special  Retainer  Wrenches 

Take  a  look  now  at  part  A  of  figure  7-9 
which  shows  a  special  wrench  used  to  remove  or 
tighten  a  retainer  ring.  Part  B  shows  another 
type  of  retainer  ring  wrench  which  you  will  use 
occasionally  for  making  and  holding  ari 
adjustment  with  the  center  wrench,  while 
tightening  the  lock  ring  with  the  outer  wre|ich. 


Bench  Block 


Figure  7-10  shows  a  bench  blo(;k.  It  is  used 
to  support  mechanical  parts  for  center  punching 
and  for  driving  out  taper  pins  or  similar 
retainers.  You  will  manufacture  this  particular 
design  yourself,  or  you  cairtiiake  a  bench  block 
of  any  style  to  suit  your  purposes. 

Thread  Chaser 


The  thread  chaser  is  an  indispensable  tool 
used  for  removing  dirt,  corrosion,  and  burrs 
from  threaded  parts.  Tliere  are  two  basic  types 


Flgurt  7-9.-S|ite(«l  rttaiMr  ring  Wr«nohti. 
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Fi0urt  MO.~B«neh  block. 
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(flg;  7-1  D-^one  for  imide  threads  and  the  other 
for  outside  threads.  Be  !^ire  to  use  the  right 
type,  and  carefully  check  the  thread  size  before 
you  use  them. 

Since  optival  instruments  are  manufactured 
wt|h  many  nonstandard  thread  sizes,  you  cannot 
use  taps  and  dies  on  many  components  to 
restore  threads.  For  this  reason,  thread  chaser 
-«ct«^re-available^  in-sizes  from^threads-per-inelv^ 
to  80  threads  per  inch, 

Geneva  Lens  Measure 

A  Geneva  lens  measure  (fig.  7-12)  is  an 
instrument  for  measuring  the  dioptric  strength 


mi 


tod 


ii7.Ba« 


137.188 


Figurt  7'12.-QMMVt  Itni  nwMur*. 


of  thin  lenses  by  indicating  the  aipoyht  of 
curvature  on  their  surfaces.  The  outside  red  scale 
is  graduated  to  reid  clockwise  in  quarters  of  a 
diopter  from  0  to^-17  diopters;  the  inner  black 
scdle  is  graduated '  to  read  counterclockwise  in 
quarters  of  a  dioptdr  frbm  0  to  +17  diopters. 

The  index  of  refraction  of  the  glass  for 
which  a  Geneva  )^ns  measure  is  designed  is 
planted  on  the  dial\(l.S3);  this  number  is  the 
index  of  refraction  6f  crown  glass.  A  formula, 
however,  permits  3^ou\tO  use  th^gage  to  measure 
types'  of  glas|  wiih  diffefent  Indices  of 
refraction. 

To  use  a  Geneva  lens  measure,  plftce  the 
contact  points  directly  on  the  poli9hed  surface 
of  the  lens.  To  ensure  accurate  readings,  hold 
the  gage  perpendicular  to  the  surface  of  the  lens 
and  in  the  center.  The  outer  points  (2)  of  the 
gagfe  aire  stationary,  artd  the  center  point 
Activates  the  dial  pointer,  the  pointer  indicates 
zero,  the  surface  of  tbe  lens  is  PLANO.  Readkiigs 
for  Qpnvex  surfaces  will  be,  PLUS;  readings'for 
concave  surfaces  wUtijrMINUSr^  ~ 

Take  the  reading  in  diopters  of  one  lens 
surface  and  then  measure  the  other  surface. 
When  you  add  the  dioptric  itrength  of  each  {ens. 
surface,  you  get  the  total  dioptric  strength.  Of 
the  lent,  if  its  index  of  refraction  is  1 ,1S3., 

When  you  must  take  a  reading  of  a  lens  with 
an  index  of  refraction  other  than  1.53,  use  the 
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following  fonnula.  (n  =  index  of  rcfrnctiO!»  of  Procedure 
lens) 


True  DP  of  Lens  Surface  =  ~~  X  reading  of 
lens  surface  with  the  gage 


^  To  use  this  fdrmula,  take  a  reading  of  the 
'""s*  l^hs  surTace  at\d  transpose  its  dioptric 
strength  into  the  fornuila  to  get  the-  true  dioptric 
strengtfi  of  the  first  surface.  Tlien,  take  a  reading 
of  the  second  lens  surface,  put  your  results  in 
the  fornuila,  and  solve  it  for  the  true  dioptric 
strength  of  the  second  surface.  The  sum  of  the 
two  answers  you  got  by  solving  tl^e  fonnula  is 
the  total  dioptric  strength  of  the  lens. 

Remember  that  the  dioptric  strengths  of  the 
two  lenses  have  opposite  signs;  that  is,  the 
positive  lens  has  a  positive  dioptric  value  and  the 
negative  lens  has  a  negative  dioptric  value.  You 
must  account  for  this  when  you  add  the  two 
values. 

Because  a  compound  lens  li  constructed  of  a 
positive  and  a  negative  lens  of  different  indices, 
you  cannot  use  a  Geneva  lens  measure  to  obtain 
its  dioptric  strength.  But  if  tlie  two  elements  of 
the  lens  are  separated,  you  can  get  the  dioptric 
strength  of  the  individual  elements  and  add  both 
results  to  get  the  dioptric  strength  of  the 
combinations. 

Since  a  Geneva  leps  measure  is  designed  to 
measure  the  curvature  of  a  Jens'  surfaces,  use  a 
Geneva  lens  measure  to  make  certain  that  the 
positive  lens  surface  matches  the  negative  lens 
surface  when  cementing  comjH)und  lenses. 

DISASSEMBLY 

Before  you  do  any  repair  work  on  optical 
instruments,  clean  your  work  space  and  get 
everything  ready-  and  in  position!  Qcan  the 
outside  metal  and  painted  surfaces  with  a  clean, 
soft  cloth  (used  for  this  purpose  only).  If  a 
solvent  is  retiuired  to  remove  grease  or  foreign 
matter,  use  only  an  approved  cleaning  Sgent. 

If  your  casualty  analysis  indicates  that  tiie 
instrument  must  he  partially,  or  completely 
disassembled  to  effect  necessary  repairs,  follow 
the  procedure  discussed  next. 


If  you  do  not  4'ully  understand  an 
in<^trument  you  must  overhaul,  get  a  disassembly 
sheet  and  follow  it  or  follow  the  disassembly 
procedure  in  the  applicable  naval  publication 
(NavShips  manual;  Ordnance  Pamphlet).  These 
authentic  sources  provide  information  on 
troaUksQuiaareas  pertaining  to  disassembly,  *nd 
they  also  list  the  precautions  you  should  take. 

CAUTION:  Before  you  disassemble  any 
optical  instrument,  determine  whether  it  is  a 
pressure-tight  type.  If  it  is  gas  filled,  release  the 
gas  pressure  slowly  by  opening  the  gas  outlet 
valve.  NEVliR  begin  di.sassembly  until  the 
pressure  is  fully  released. 

In  the  interest  of  production,  experienced 
optical  repairmen  work'  on  more  than  one 
hutrument  at  a  time,  especially  when  all  the 
instruments  requireXii  major  overhaul.  If  you 
'  milst  work  on  more  than  one  instrument  at  a 
particular  time,  keep  the  parts  of  each 
instrument  in  separate  containers,  andjabel  the 
parts  for  easy  identification,  One  of  the  surest 
and  best  ways  to  label  parts  is  to  scribe  each 
metal  part  with  aii  identifying  mark. 

When  you  are  giving  four  pairs  of  binoculars 
a  general  overhaul,  for  example,  you  can  label 
the  parts,  of  the  first  binocular  #1,  the  parts  of 
the  second  binocular  #2,  and  so  on.  To 
satisfactorily  identify  the  parts  for  right  and  left 
barrels,  add  an  R  (right)  or  an  L  (left),  as 
appropriate.  Your  markings  on  the  parts  for  the 
right  and  left  barrels,' would  then  be  #1R,  or 
#3L,  and  so  forth.  Be  careful  to  scribe  these 
marks  where  they  will  not  be  covered  with  paint 
later  and  where  they  will  not  affect  the 
performance  of  the  instrument. 

Other  markings  which  you  may  be  required 
to  make  or  check  during  disassembly  are 
ASSEMBLY  MARKS,  When  a  manufacturer 
make^  an  optical  instrument,  he  fits.certain  parts 
by  hand  and,  if  there  is  danger  .of  incorrect 
assembly  of  these  parts  during  a  later  overhaul, 
he  marks  them  with  a  small  punch  mark  or  a 
scribe  line  (on  each  part  of  an  assemblykAVhen 
you  disassemble  an  optical  insti^ent, 
therefore,  \qok  for  theste  assembly  marks;  if  they 
are  missing,  make  appropriate  marks'  of  your 
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II  you  presume  a  lens  in  a  system  is  facing 
the  wrong  direction,  study  the  diagram  lor  that 
particuhir  instrument  (MARK  and  MOD) as  you 
remove  the  lens.  You  tan  also  use  aCiencva  lens 
measure  to  check  the  curvatures  of  the.  lens 
against  those  listed  on  the  optical  diagram. 

Stilrt  your  disassembly  of  an  optical 
/  instrifment  by  removing  exterior  parts  which 
hinder  further  disassembly  or  liy  removiiig  an 
exterior  retainer  ring,  cover  cap,  or  access  plate 
(secured  by  screws).  These  exterior  parts  may 
occasionally  be  frozen  because  they  have  been 
exposed  to  the  weather.  That  is,  metal  parts  in 
close  contact  become  stuck  togcptlier  as  a  result 
of  corrosion,  electrolytic  action,  or  natural 
affinity  for  each  other,  Aluminum-to~aluminum 
joints  have  the  greatest  tenclency  to  free/.e  (also 
called  seize)  Salt-laden  atmosphere  enhances  th(^ 
tendency  of  metal  parts  of  navigational 
instruments  to  seize  together.  If  the  moisture 
seal  of  the  instrument  is  faulty,  saltTaden 
moisture  will  most  likely  cause  seizing  inside  the 
instrument. 

Fro/.en  Parts 


To  remove  frozen  parts: 

'  I.  Apply  penetrating  oil  or,  when  tim^ 
permits,  soak  frozen  joints  in  penetrating  oil. 

2.  To  prevent  damage  to  parts  which  come 
off  easily  (especially  optics),  remove  thtjm  first, 

3.  Use  proper  tools,  and  do  not  crush  parts 
with  wrenches. 

4.  If  you  cannot  remove  a  lens,  cover  it 
with  a  pad  of  blotting  paper,  or  a  rubber  disk  of 
the  same  size. 

5. .  Use  shaped  wooden  blocks  to  hold  a  part 
in  a  vise,  Powdered^rqsin  on  the  blocks  helps  to 
hold  a  part  and  prevent^  it  from  slipping  out  of 
position.  Then  u&e  a  pin  wrench  or  grip  wrench 
of  t+f^proper  size  to  attempt  to  remove  ,  the 
frozen  part. 

6.  If  a  johit  is  still  frozen  after  you  have 
soaked  it  a  reasonable  time  in  penetrating  oil, 
proceed  as  follows: 

r 

a»  Remove  the  part  from  the  vise  ahd 
tap  the  joint  sharpjy  with  a  rawhide  mallet  while 
turning  the  part.  ^ 


own,  l  igure  7^13  shows  the  procedure  tor 
marking  a  part. 

Optical  elements  (glass)  require  another 
marking  tethnique,  which  must  meet  two 
rcHiuirements:  i})  the  direction  the  optic  must 
■face  when  reassembled,  and  (2)  the  (unction  the 
optic  serves  in  the  optical  system. 

You  can  identify  the  function  of  the  optic 
by^^rithvg.  on  the  frosted  portion  th^  fQjjQ.wing: 
bbj.  (objective  lens),  #1  It^, (first  erector).  #2 
Hr.  (second  erector),  and  so  on  until  you  mark 
the  last  element  in  the  system.  The  fir^t  crector 
receives  the  light  from  the  objective  and  should 
therefore  l)e  nuinlKTed  fifst.  Use  a  soft-lead 
pencil  or  an  instant -di7ing  marking  pen. 

The  accepted  method  tor  determining  the 
direction  an  optical  element  must'  face  in  a 
system  is  to  mark  an  arrow  on  the  frosted  edge 
of  a  Ions  or  prism,  the  tip  of  which  indicates  the 
direction  of  light  through  the  instrument. 


MALE  CENTER 
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FiQurt  7  l^.-Scribing  an  •titmbly  mark. 
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h.  l  ap  all  aiounJ  (he  join!  several  times 
witli  the  tnalkt.  I  !u:  s!)aip  hlovvs,  combmod 
with  Ihe  penetialing  oil,  will  often  free  Iho  joint. 

e.  Replace  the  part  \\\  the  shaped 
blocks  in  the  vise,  (hen  use  the  proper  waMK'h  lo 
separate  the  parts 

i\.  W  the  parts  do  not break  tree  after 
you  nse  Ihe  rawhide  mallet,  apply  heat  to  the 
joint.  Do  not  use  so  much  heat  (hat  you  burn 
the  pamr:  you  inerely  wai^t  (o  expand  the  outer 
portion  of  the  joint.  Now  try  the  wrench  again. 

e,  II  the  parts  areStill  fro/en,. apply 
more  penetrating  oil  to  the  hot  joint.  You  iviay 
need  to  ifse  impact  ^o  try  to  separate  the  parts. 
Hold  your  wrench  ininly  and  strike  the  wrencii 
sharply  with  a  nuillet.  Several  sharp  blows  will 
usually  free  a  stubborn  retainer. 

(.'AUTION:  Use  extreme  care  and  patience 
when  you  apply  heat  and  pressure  to  fro/en 
joints,  lest  you  cause  distortion  (twisting  and' 
bending)  of  inetal  parts  and  breakage  of  o|Hieal 
elements  you  could  not  remove  at  the  outj»ct. 

7,  If  fro/e!^  parts  do  not  yield  to  the 
procedures  just  outlined,  salvage  the  hiost 
expensive  part  or  .parts  b^  carefully  cutting, 
breaking,  or  machining  away  the  other  frozen 
part  or  parts.  When  a  retainer  ring  is  frozen,  for 
example,  drill  a  hole  down  througii  it  towards 
the  lens;  but  use  care,  do.  NOT  drill  too  deeply 
and  ruin  the  lens  with  the  drill.  The  diameter  of 
your  drill  should,  be  slightly  less  than  the 
thickness  of  tlie  ring. 

Aftefc  you  weaken  the  ring  by  drilling  the 
hole,  carefully  bend  the  ring  out  at  that  point 
and  remove  the  free  ring  and  lens. 

\^ 

NOTH:  Some  retainer  rings  are  kept  in  place 
(made  vibration  proof)  by  [U\  application  of 
shellac  or  a  similar  substance  on  the  threads  of 
the  mount  and  the  edge  of  the  ring.  You  can 
soften  this  compound  by  repeated  applications 
of  lac<|uer  tfnnrKT  or  alcohol. 

8.  To  remove  screws  and  setscrews  with 
stripped  slots  or  lieads  twisted  off,  proceed  as 
follows: 

a.    If  a  screw  if  frozen  in  a  .hole  as  a 
rejult  of  corrosion,  loosen  it  with  penetrating  oil 
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and  heat.  NOIL:  Do  this  before  you  try  to 
remove  the  screw  by  any  otiier  means, 

^  b.  If  the  body  of  a  screw  protrudes 
above  the  surface  ol  a  part,  file  in  a  new 
screwdriver  slot  willj  a  small  Swiss  slotting  file 
and  remove  the  screw  with  a  screwdriver  of 
pro|)er  size.  You  can  often  remove  some 
protruding  screws  with  parallel  motion  pliers. 

c.  If  a  screw  is  deep  in  a  tapped  hole, 
use  a  sharp  scribe  t-ip  and,  if  possible,  make  a 
nmv  slot  in  tlie  screw.  This  process  is  slow  and 
iXHjuires  patience  and  care, 

d.  If  the  procedures  just  described  do 
not  work,  use  (>ne  of  the  following  proeeOures 
to  drill  the  screw  out: 

( 1 )  Tor  very  small  screws,  use  a  drill 
slightly  smaller  in  diameter  than  the  minor 
diameter  of  the  screw  and  drill  through  the 
screw.  The  outer  shell  and  threads  of  the  screw 
will  remain,  and  you  can  run  a  tap  of  correct 
size  through  the  hole  to  finish  the  job* 

(2)  On  screws  of  larger  size,  drill  a 
hole  of  proper  size  in  the  screw  and  remove  it 
with  a  screw  extractor,  (liach  extractor  has  a 
ddll  of  reconunended  size  to  use  with  it,) 

R  H  M  H  MBIT<  THAT  PA  HHNCH  AND 
CARHFUL.  INTLLLIGHNT.  WORKMANSHIP 
ARH  RHQUIRHD  TO  Ri'MOVK  •  FROZEN 
PARTS  FROM  AN  OIH^ICAL  INSTRUMENT, 
but  do  not  spend  more  time  on  an  instrument 
than  it,  is  worth.  Consult  your  shop  supervisor 
whenever  you  are  in  doubt. 

Alter  you  remove  all  fro/en  parts\  continue 
with  the  disassembly.  Remember  to  mark  all 
optical  and  mechanical  partj^.  Before  you  turn 
off  a  retainer  ring  or  try  to  unscrew  or  slide  a 
lens  mount,  remove  the  setscrews^hieh  ^cutq 
them.  Some  of  these  screws  may  be  hidden 
under  sealing  compound,  so  check  for  them 
earefuljy.  Failure  to  remove  these  sefscrews  may 
ruin  a  pint, 

fie  extremely  carefitl  when  you  ^remove 
otitieal  elen?cnts  and  gear  assemblies  through 
openings  in  the  optical  chamber.  These  parts  can  % 
be' easily  damaged  by  striking  other  parts  or  the 
chamber  housing.  Whj^n  you  remove  a  part 
which  exposes  the  interior  of  the  optical, 
chamber  of  an  instrument,  make  sure  you  tape 
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check  thcni  for 
aiul  write  yo^ir 


the  o|)cning  oi  close  it  iii  some  nwmnor  to  keep 
:^c>ut  loreigM  matter. 

As  you  rei!U)ve  parts  atul  asseinblies  troni 
the  interior  ol  an  iiistrinnent 
daiiKitic  not  previously  'uotetl 
findings  on  the*casualt>  aiuilysis  sheet  for  future 
re  Terence, 

Thus  lar.  with  Tew  exceptions,  our 
discussion  ol  disasscinhly  ot  an  o|)tical 
ii),sTruhKMU  has  covereJ  mostly  meclumical  parts 
because  this  is  the)  proper  sequence  for 
alisasseinhling  ^iuK  instrument.  As  you 
clisassemble  an  mstrumcnt.  remove  each  lens 
mount  ami  cell  aiul  set'  il  aside  for  further 
disassembly  alter  you  complete  the  major 
disassembly  ol  mechanical  com|K)nents. 


squarely  and  evenly  over  a  large  part  of  its  area, 
A  device  similar  to  that  in  figure  7-14  may  be 
used  to  sup|)ort  the  lens.  Note  the  name  of  this 
device.  LINS  CHUCK  AND  CLIANING 
nOLI)l:R,  It  is  a  cylindrical  brass  tube  with  the 
edges  at  one  end  beveled  to  match  the  curvature 
of  the  lens.  By  ^^xerting  even  pressure.on  the  lens 
mount,  you  can  break  the  seaKObsave  tliat  the 
word  PRI'SS  in  the  illustration  indicates  the 
points  where  you  should  apply  pressure. 

3.  An  application  of  heat  to  a  km  mount 
helps  to  loosen  it  from  the  lens  in  two  ways: 

a,    The  metal  expands  more  than  the 
Ions. 


Lenj{es  from  Mounts 

The  te(^liniques  we  will  discuss  for  removing 
lenses  from  mounts  ;iie  primarily  for  lenses 
mounted  with  a  sealing  com|>ound .  but  they  are 
also  aiM^lieable  to  t!)e  removal  of  optics  difficult 
to  disassemble.  Ihe  procedures  to  follow  (and 
precautions  to  use)  when  you  disassemble 
optical  elements  from  their  mounts  cannot  be 
formulateil  as  stepby-step  instructions.  The 
information  which  you  sliould  keep  in  nund 
when  doing  this  work  may  be  classified  as 
follows 

I,  Although  optical  glass  is  easily  chi|)ped 
or  cracked  and  easily  damaged  by  shock,  steady 
pressure  within  limits  dpes  not  ordinarily  crtilk  a 
lens  if  the  thickness  of  the  glass  is  sufficient. 

NOTH:  Removal  of  the  eyepiece  and  the 
objective  lens  is  usually  more  difficult  than 
removal  of  other  optics,  because  these  two 
lenses  are  usually  sealed  in  their  mounts  with  a 
sealing  compound  or  gasket.  Also,  these  lenses 
are  often  doublets,  which  means  tluit  excessive 
or  uneven  pressure  on  the  lenses  can  eause 
damage  to  the  cement  used  to  put  them 
together,  or  Cjiu.se.  the  thin  planoconcave  flint 
element  of  the  eyepiece  to  break. 


2.  Shearing 
pressure   is  the 


action  ca  used  b  y  u  n  e  ve  n 
greatest  enemy  of  cement 
between  optical  elements;  therefore,  to  force  a 
compound  lens  out  of  its  mounts  press  down 
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Figure  7-14, -Leni  chuck  and  cleaning  holder. 


h.    Most  soalmtt  comix)inKls  arc  soUoik-J 
hy  inodoMti;  IcinporaUirc. 

CAUnoN  A  toinporaturc  of  125^  U)  \Mf\' 
sofk-ns  (aiiada  biilsam  used  to  ccincn!  !lic 
olomoiits  ol  coinpoiiiul  lenses  togcUicr.  If  a 
componnil  Ions  does  not  yiokl  to  pressiiro  and  an 
application  ol  heal  at  low  tcinpoiatmc.  the 
(  aiuKlu  balsam  probably  melted  previously  and 
nni  OUT  bettveoii  the  elements  oP  the  lens  and  the 
mount  and  hardened  a  second  time.  When  this 
happens,  a  temperature  of  about  300'M'  is 
re(|uired  to  solten  the  cement.  ^ 

4.  When  you  remove  a  lens  from  its  mtount, 
protect  Its  surtaces  with  a  clean  cloth  or  tissue 
paper.  IK)  NOT  lOUCil  POLISflliD  CLASS 
OITICAl  SURFAC  I  S  WITH  YOUR  1  INGLRS. 
Be  suiv  to  mark  the  path^ot  light  through  the 
lens  to  ensure  that  you  reassemble  it  correctly: 
then  wrap  the  lens  in  lens  tissue  (several 
thicknesses)  ami  pli>^^'  it  whore  the  mechanical 
parts  cannot  datnage  it. 

5.  When  you  cannot  push  a  lens  out  from 
the  hack,  as  i.s  sometimes  the  case,  use  a  small 
suction  cup  or  piece  of  n^asking  tape  to  grip  the 
lens  and  then  cmso  it  out  of  the  mount. 

CAUTION;  Large  thin  len.ses  have  a 
tendency  to  twist  diagonally  (cock)  as  ypu  try 
to  remove  them,  so  use  care  to  prevent  cocking. 
To  loosen  a  cocked  lens,  tap  lightly  on  the  edge 
of  the  mount  on  the  side  where  the  lens  is  stuck. 
As  you  tap  the  mount,  hold  it  so  that  the  lens 
will  eventually  drop  out  into  your  hand,  if  you 
accidentally  touch  the  lens  with  your  fingers,  - 
clean  it  thoroughly  at  once  to  remove  salts  iuid 
acids  deposited  by  your  fingers. 

REPAIR-iPROCEDURE 

When  you  start  to  overhaul  and  fepair  an 
optical  instrument,  refer  to  the  notations  you 
made  on  the  casualty  analysis  sheet  prior  to  and 
during  disassembly.  Use  this  information  as  you 
proceed- with  the  repair  process. 

Qcaning  and  Inspecting  Parts 

The Tlrst  phase  of  overhaul  of  the  instrument 
is   cleaning   the   mcehanicll    parts.  Cleaning 


solvents.  whidl/.,may  be  slightly^  toxic  and 
irntatihg  to  y(^iir  skn^  must  be  used  in  well 
ventilated  spaces'oidy.  Avoid  |)rolonged  contact 
of  your  hands  with  the  .solvent.  The  best  policy 
(.safest)  is  to  use  solvents  oidy  in  a  space 
specified  for  their  use, 

A  clc^aning  imiclunc  o\  tlio  tyrfo  sliowii  in 
^A^  ^  '  oxcollont    for'  cl^ailillg.  miall 
-Mnochanical  parts  of  optical  iiisHimuMils.  An 
^\>-'!^^<^^l}^  motor  6\\  tlio  nuK'liinc  rcvolvos  a  basket 
1'-  ''.^|V,parts  in  two  cleaning  solutions  and  a*  rinse 
;V;v.solution,  Ihe  machine  also  dries  the  parts  by 
/Wowiny  hot  air  throujFh  the  basket. 

Another  type  of  instrument  cleaning 
machine  consist?of  a  tank  of  solvent  agitated  by 
low-pressure  air.  The  newest  types  of  cleaning 
machines  use  ultrasonic  sound  to  act  on  an 
approved  licpiid  cleaning  agent  to  degrease  and 
clean  the  part*. 


NOri-:  When  you  use  a  cleaning  machine, 
follow  the  instructions  listed  in  the 
manufacturer's  technical  manual.  If  you  do  not 
have  this  manual,  consult  your  shop  supervisor. 


If  your  shop  does  not-  luiVe  *a  cleaning 
machine,  use  a  stiff-bristle  brush  to  clean 
instrument  parts  in  ,^a  container  of  cleaning 
solvent.  This  is  one  of  tho>";bt'st  methods  for 
cleaning  '^irg^r  very  dirty  .Viirts.  Solvents  leave 
an.  ^ly  retittTle  on  clean  parts,  and  you  must 
remove  it  by  rinsing  the  parts  in  an  approved 
degreasing  agent,  or  by  scrubbing  the  p^arts  in 
hot  soapy  water.  (Traces  of  oil  on  the  interior  of 
an  optical  instrument  may  later  get  on  the  lenses 
and  affect  image  fidelity.) 

After  you  clean  iii^tri\ment  parts,  inspect 
them  for  traces  of  lubricants,  grease,  sealing 
'compound,  or  dirt.  "Scrape  off  dirt  and  grea.se 


not  removed  during  the  cleaning  process. 


C  AUTION:  Do  NOT  scrape  ^bearing  surfaces. 
As  you  examine  each  cleaned  part,  look  for 
defects  previously  hidden  by  dirt,  wax.  or 
grea.se.  Also  check  them  for  corrosion.  Replace 
badly  corroded  parts.  . 
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Figurt  7'i6.-^1nitrum«n)  <iltii)ing  mtohfnf . 
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Place,  the  cleanfed  parts  in  a  suitably  clean 
container  and  cover  the  container  to  protect  tht 
parts  from  dutt  and  dirt. 

Repair  Categories 

N^w  that  you  have  deined  «nd  inspected 
the  pirts  of  the  in^ruineni  undergoing  repajr, 
proceed  immediately  with  the  repairs.  The  repair 
process  generally  consists  of  three  methoiis:  CI ) 
repair  and  refitting  of  old  parts,  (2)  using  a  new 
part  (replacement)  froni  sto^ki  and  (3) 
manUfaiTturiiig.gQd  reciting  a  n«w  part.  Each  of 


these  categories  is^^iscussed  in  sonle^ detail  in  the 
following  sections. ' 

REPAIRINd  OLD'PARTS.-Repair  reusable 
)ld  parts,  as  necessary,  and  refit  them  into  the 
instruments  from  which  you  removed  them. 

If  a  part  must  b^  straightened  or  re-formed 
to  its  original  shape,  strike  it  carefully  with  a 
soft-faced-  hammer.  CAUTION:  Give  the  part 
necessary  support  before  you  strike  it  to  avoid 
further  damage. 

When  you  discover  stripped  or  damaged 
thread^  In  a  tapped  hole,  drill  the  hole  out 
whenever  possi^  and  retap  it  for  a  screw  of 
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larger  si'/e^/^ut  do'iioT^Tr^yer  two  screw  sizes 
larger'  than  the  original  size,  'stated  on  the 
i)lu«print^  It-  ^h>5  screw"  iize  miii)t,  be  exactly  as 
stated  dn<,tK(!  bUieprint,  proceetl  as  follows: 

%  On  ^(eel,  bronze,  i^nd  brass  parh,  drill 
an^  tap  the  hole  two  or  three  screw  sizes  laVger 
"Thim  "onglnaTrpIuY  ffie^Tii^  wftli  ^  screw  or 
corresponding  inetaj.  Use  silver  solder  to  secure 
the  plug;  then  file  the  plug  flush  with  the  slirface 
of  the  part,  and  drill  and  ret^a  hole  of  correct' 
size." 

y  .  ^2.  Repair  .  alumulirtJ  parts  \)5>ith  strippwl 
threads  in  the  skine.  manner  as  you  repair  pqfts 
made -^f  other  ntetals.  It  is  difficult  to  solder 
aluminum  pafts,  however,  and  it  >v,s  best  to  ask 
'the  shop^upervisor  to  have  the  soldering  done  in 
anoll^er  (aciUty,  ,if  possible.  .When  the  .soldered 
part  iSj^-retdrtied  to  you,  dress  the  soldered  area, 
and  redrill  and  tajMhe  hole  to  the  si/e  specified 
on  .the'Mu^sprinV.  \  ' 

1.  .  •  •  • 

'     ,1   Drejss  up  scratched,  burred,  and  dented 
*\parts,   in'  ^ccordaiice   vyith    prescribed  shop 
procedures.^  .     •     '  ' 

Be  cairetui  when  you  repair  parts  to  prevent 
damage  tq  precision  bearing  surfaces  machined 
on  them.  Use  a  stone  or' a  bearing  scraper  to 
remove  butrs  from  a' bearing  surface,  and  be 
'careful'to  remoyta  only  the  burr.  Do  NOT  file  a 
■  bearing 'surface,  for'-filing  may  completely  fuiti 
it.     ■  •    <■■'■        ■  .  ■  ■  * 

When  you  complete  rep'kirspn  ap  instruihent 
.  part,  refit ',fhe  pfltt  ot\1he  instrilment  and  check 
i tl  ac tion-  ?  and/or ,  ope ra t ion  f Or-*  a ceura cy  .*  ^f 
necessary /scrajJte^Cf  a  slight^ampunt  of  ;a  surface 
•  to  make  a  part  fit  t^ropMy^  JRedi^U  undersized 
hole?  and  mak^e  other  neces^ii-y  chai(iges  tosyour . 
repair  job  to  make  the  part  fit  correctly.  Aft^f 
you  fie  a  part,  DQ.N6T  FORGET- <o  make  an 
"Assembly  m^^dn  it  to  indicate' dire.ctfon' of 
'installation^  ^  *     • '  *  , 

|AUTIONl  Reassembly  of       instrument  > 
coojlljiing  improperly  ;Jtted  ,partsJ  may  reqxiii* 
Uter  .•  disassembly   of   part'  Or   all   (Jf  .  the 
ihstru^enb      •  '  • ,  ,       ^  '  ' 

.REPLACE^ARTS..-S,onletii^es-*tf  'pht  ia  ; 
aiiQii«ged  ,.t0  such  an  'ejjtertt  'thW  it  -  m'u»t  be 


replaced  with  a  new  part.  One  source  "of 
replenishment  Is  from  stock. 

When  you  receive  a  replacement  part  frOm 
^  stock,  try  it  for  proper  fit  in  the  instrument  or 
assembly.  If  i^  does  not-  fit,  take  necessary 
action,  including  macliining.  A  minufacturer^ 
for  example,  does  not  drill  dowel  pin  and  screw 
'  *[ioies,  so  you  must  drill  them  to  correct  size 
wherever  required.  A  manufacturer  also  makes 
bearing  parts  slightly  oversized,  so  that  you  can 
.  /  fit  them  properly  by  hand.  Do  not  forget  to 
make  assembly  marks  on  the  new  patts  after  you 
fit  thein,  to  ensure  correct  fitting  into  the 
ii\strument  latter.    .  '  • 

MANUFACTURED  PARTS.v^Occasionaljfy,^ 

youk  shop  supervis«f  can  have  parts  made  by* 

submitting  an  intershop  4pb  orter.  Jhere  vvill 

also  be  times  wheri  you  will  be  required  to 

manufacture  part^.  The  procedure  for  doing  this 

.is  as  follows;  : 

|-  '        ,  ■ 

'  ■'^  '  *■  . 

'  ■ .  ^  "^^^  itjjioonation  on  the  old  part,  or  ifs 

iiiitYihf%^0itii  the  bluepriivt.  Follo^f  blueprint 

-^imenlbns  to  manufacture  the  part. 

^    2.  'I  fa  blueprint  canliot  be  located,  use  the 

*^d  part  as  a  sample  to  obtain  dimensions. 


''Miscellaneous  Repairs 

When  you,  grvfe-  an  instrument  a 
.  predisassembl^l  inspection'  ,you  may  ^ote 
•Undamagodv^^pving  pafts  in  the  instrument 
which  are  dfj;  tight,  'grinding,  or  pongh  in 
action.  Ypti'jwill  find  in  some  instances  a' 
combination  of  these  malfurictiops,  ind^^even 
^thers  not  mentioned  here.    "  ^ 

When  you  make  miscelfaneoyfi  fep^fi«  to  an 
/instrument,  look  for -all  type^  of  troubles  and 
r^^edy  'them,  ,  includitfg  'lapk  of  or  ^  dirty 
lu^r^patidiV,  excessive  or;"  insufficient  clearances, 
incorf'fect  abg^rrfent,.4nci*  improper  assembly.'  If 
the  cause,  of '  pialfunctionjng  is  not"  retfdily 
apparent,  p^cJceed  as  follows;  ■  . 
■  ■■■  '  •     r      f  .  >  ■  . 

d.  Clean  all  mating  parts. »     >  ? 

2i  Make  a  trial  assembly,  but  do  not  force  . 

,j  3.  Check  for  proper  clearanc^o  detern|ine 
»the  cause  of.jbinding  or  excessive  lost  motion, 
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When    cIcattinR.   lubrication,  4uul  ^proper 
alignment  of  parts  tViil  to  correct  casualties 
^.     and/or  mal»unct.ioiiing,jakc  the  action  discussed 
in  the  lollowuig  paragraphs.  • 

INSUr-TICIKNT  CLKARANCC.  If  theiv  is 
an  insufticient  amount  of  clearance  on  such 
— — parts-as-4«f>t>R't^  irleeve-bearttigs,  ^>ii+|-timHsoulcc1- 
bcarings.  and  njnUiplc-lead  thread  eyepieces,  do 
this; 

'Jktel-  .^'^^K' solution  of  puniiee  an\[ 
^||||li>il  Tsmall  anuAiuH  of  pumice  at  first)  and* 
•   '.put  a  little  of  the  soliVion  on  tlie  parts. as  yxKi 
<  ;  rf^vssemble. the  bearing  .  .' 

,1:  Work  the  parts  back  and  forth,  or  rotate 
tho^n,.  until    tlieir  movement*  is  of  desircci- 


>  frtfcddm. 


,»  3.  Disassemble  the  parts  and  wash  out  all: 
■  'traces  of  pumice  and  oil. 

4..  Reassc4ht)le    and    lubricate    with  the 
proper  type  of  lubricant,  and  check  the  motion. 


until 


Follow*  the  procedure  just  described 
you  obtain  the  desired  fit. 

When  there  is  insufficient  cjearance  on  a  tlat, 
sliding-suffaco  bearing,, do  the  following: 

.      -     ■       )     "  ■ 
,   .1.  i\  s  thin    coat    of   prussian  blue 

(machinist's  dye)  on  a  surface  plate  and  rub  the 

oversi/ed  portion  of  the  bearing  assembly  over 

the  Prussian  blye. 

2.   Carefully  scrape  away  the  high  spots  on 

the  bearing  indicated  by  the  prussian  blue. 

CAUTION;  Remtve  only  a  small  amount^jf! 
metal  at  a  time,  and  make  a  trial  assembly  aftfer 
you  remove  each  amoutjt.  The  important  tiling 
is  to  prevent  the  removal  of  too  mu^ch  metal 
from  the  bearing.  *  " 

Another  method  for  removing  exl^s^  metal 
from  a  slid ing-suftiice  bearing  is  to  spread  a  small 
portion  of  *a  thin  mixture' of  pumice  apd  cloc(c 
oil  over  the  surface  of  a  flat  lap  and  rub  the  high 
part,  of  the  bearing  over  the*  surface  of  the 
coated  flat  li^p.  »Use  d  sweeping  figure-e'igl\t 
motidn'to  ensure  uniform  removal  of  the  metal. 
Do  NOT  rertove  too  riuich  nifefal. 


excessive  cletu-ance  with  shims  or  if  the  bearing 
does  not  have  some  means  by  v^^lnch  it  can  be 
adjusted,  replace  "ii^lth  a  new  one.  If  there  is 
some  way  to 'adjust  the  bearing,  however,  adjust 
it  as  necessary  to  get  a  tight  fit  and  then  remove 
high  spt)ts  in  the  manner  described  for  obtaining 
suf  f  icie  lUV  lea  ran  ce . 


NOTF;  Always  mftrk  bearing  parts  to  ensure 
proper  assembly  after  you  hand  fit  them  in  the 
manner  just  described.  • 


SOLDERING  AND  BRA^NG 

f  * 

As  an  Opticalman,  you  may  occasionally 
need  to  join  metahi  by  either  soft  soldering, 
silvel  soldering,  or  brazing.  Sbft  sokleriiig  is 
done  at  temperatures  below  800°F  with  fead 
alfoy  solder.  Silver  soldering  and  brazing  require 
ji  temperature  above  800°F  to  melt -the  silver 
solder  or  brazing  rod. 

V  ; Optical  instruments"  and  related  fittings  and 
te^  equipment  are_  manufactured  ftom  brass, 
brqhzt^  cast  iron,"  steel,  stainless-  steel,  or 
aluminum.  Information  on  the  repair  9i 
damaged  aluminum "  components  is  outside  the 
scope, of  this  manual.  However,  we  shall  discuss 


^  EXCESSIVE  CLBjvRANCE.-iIf  there  is  no 
'  ^ay  to  adjust  the  desired  fit*  by  removing 
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the  joHiing^f  other  metals  which  you  can  do  in,' 
ttie  optical  shbp,  ^ 

SOFT  SdLblRi 


Many  optical  hstrCimentsAise  switches  tand". 
wiring  .  Ifor   electrical  \or  electronic  cirouits^-^ 
contained  in  the  instruments.  To  make  re|!)ifirs, 
or  repl||jg,def6jctiVe  .components,  you  will  nped 
to  kribw  how  Xq  make  or-  remove,  sqlel^red 
connections.  '  < 

It  is  ^ilso  likely  that  you  can  use  soft  soider 
to  manufacture  special  fittings  or  to  Vepair  a 
damaged  mstrqment  -com'ponent.  Tools  and 
Thfiir  Uses,  (NAVEDTRA  10085  Series)*show» 
detailed  procedures  for""  s'qft  soldering 
operations', 

SI^yER'!56LDER;NG  AND  BRAZIiJg  * 

•  Whil*  soft 'soldering  cait  be  done  wit|i  a  small  - 
torch'^r, spidering  gun,  ati  <)xya<;etylene  torch  is  .' 
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ncedecl  tor  silver  soklering  and  brazing.  Figure 
7-16  shows  variou.s  tip  shapes  to  use  in  this 
operation.  Part  A  shows  the  tip  to  use  tor 
heating  largt  areas.  Part  B  shows  the  Up  to  \ise 
tor  heating  a  snuUler  area,  and  Part  C  shows  the 
tip  which  will  produce  a  small  cone  of  flame  for 
tine  work. 

Control  of  heat  is"  tht?  most  critic*!  part  of 
silver  soldering  and  bra/ing  Factors  to  consider 
are  the  tip  to  use,  regulation  of  oxygen  and 
acetylene,  how  ant^l  where  to  apply  heat  (torch 
manipulation),  and  the  thickness  of  parts 'to  be 
joined.  Your  shot>  supervisor  is  the  best' source 
of  information  and  assistance  until  you  have 
enough  cx|>erience  to  handle  ,the  job  yourself. 

Heat  How  in  '  metals  rtiust  be  considered 
whenever  you  silver  solder  or'^bfaze.  Also 
important  is  the  distance  betweei*  elements  to 
be  joined.  Figure  7-17  shows  how  heat  must  be 
applied  to  join  two  components  with  varying 
separations.  ■  _ 

A  soft  metal,  like  copper,  requires  a  longer 
application  of  heat  than  a  harder  -metal  steel 


because  the  soVter  metal  is  more  conductive 
(heat  floWs  away  from  tl\0^source  more  rapidly). 
Another  problem  yoiKwi(j\;ncounter  is  joining  a 
large  tasting  vvith  ii  sinStlitpiece  of  tubing  or 
bar  stock.*  Vou  must  mani|)urat<^our  torch  to 
keep  both  pieces  at  the  correct  temperature  to 
cause  the  molten  filler  metal  (silver  solder  or 
braxing  rod)  to  flow  between  them.  Figyre  7^18 
shows  how  filler  metal  fiows  toward  the  heat. 

l-xcept  tor  cast  iron,  silver  soldering  or 
brazing  can  be  used  to  join  brass,  Copper, 
bronze,  steel,  or  stainless  to  similar  metals  or 
others  listed.  Brazing  alone  worlds  best  for  cast 
iroti. 

There  are  a  number  of  different  silver  solder 
and  brazing  tiller  -  metals  available.  The 
commonly  used  filler  metal  alloys  include  silver, 
copper,  zinc,  phosphorus,  cadmium,  and  nickel. 
The  percentage  of  the  various  metals  included  in 
•any  filler  metal  determines  the  color  of  the 
alloy,  its  strength,  melting  point,  and  flow  ooint. 


NOTE  DRILLING 


,  ERIC 


30r«  HEAT 
REFLECTED  . 


45%  HEAT 
REFLECTED 


ByC^OUS  GR  , 
LOW  VEL^ITY  TIP 


B  ' 

MEDjq^  BULB  OR 
MEDIUM jJeLOCITY  TIP 

PIgurt  T-H.-TIp  dtiigni. 

7-22 


/  / 


80%  HEAT 
REFLECTEp  , 


SWAGED  OR 
HIGH  VELOCITY  TIP 
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Pieces  sEPAHAtio 


BCTWiCN  PLATiS 


PLOW  OP  HEA 


HCAT  DlRBCTiD  ON  A. 
NOCMANCi  FOR  CNOUCH  HCAT 
TO  GET  TO  B  TMROUGM  SPACE 
TO  HEAT  IT  SUP FICIENTLY  FOR 
-ftRAZlNG. 


FLOW  Of'  HEAT 


NOTEi 


TO  BRAZE  PIECES  A  AND 
TORCH  MUST  iC  DIRECTED  ON 
BOTH  PIECE  A  AND  PIECE  B  TO 
BRING  THEM  TO  JHE,  NECESSARY 
BRAZING  TEMPERATURE. 


PLOW  OF  HEAT 


WAVY  ARROWS  DENOTE  PATH  OF  HEAT  THROUGH  PARTS 


PIECES  IN  CLOSE  CONTACT 


HEAT  FLOWS  FROM  TQRCH  TO 
PJECE  B  and  THtN  THROUGH 
THE  tIcHT  contact  OF  BOTH 
A  A|ID4  TO  PIECE  A. 


\ 


FIjur*  7- 17.- Flow  of  htat. 


FLUXES 

-  All  silver  soldering  an<J  brazit^g  operations 
require  the  use  of  a  flux.  The  ^flujc  prevents 
o^Watiop  of  the  metaj  surfaces  and  removes 
dxides  already  present.  Flux  also  increases' the 
flow  of  the  filler  metal  and  increases  its  ability 
to  adhere  to'  the  basc  metal.  It  brings  the'fiHer 
metal  into  immediate  contact  with  tne  metals 
being  joined  and  permits  the  filler  tdwpenetratflir 
the  pores  of  the  metal,  thus  forming  a  strong 
joint.  Prior  to  applying  flux  to'^y  joijtts,  be 
'sure  the  parts  aw  thoroughly  cleaned,  dcgreased, 
and  polished.  I    ,  / 

i  ,  The  fluxes  used  hy  the  Navy  are  selected  in 
acQordance  with  spccificAtions  to  meet  the 
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NOTEt^ 


>»WAVY  ARROWS  INDICATE  PATH  OF  HEAT 


TpRCH  ^. 


FILLER 
METAL 


HIAT 
AFPLIIO  NPRI 


FLOW  OF 
FILLER  MEtAL 


PLOW  OF  HIAT 


FHpur*  7-18,-:fIow  of  moitM)  Ulltf  mBtirf. 
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requirements  for  using  various  alloys.  For  best 
results,  a  flux  mast  hctoinc  active  at  a 
temperature  slightly  below  the  meltii^g  t>oint  of 
the  filler  metal  and  must  remain  fluid  at  the 
bra/ing  tcm|)Apure  If  you  use  the  wrong  tlux 
with  miV^armi^  filler  metal,  you  could 
possible  overhewliPic  flux  and  destroy  the 
adiieren^kie  of  tlie  fillei-  metal. 

Flux  conies  in  tliree  fonxis:  liquid,  paste,  and  . 
powder.  When  used  either  in  paste  form  or  in 
liquid  form»  the  flux  is  applied  with  a  brush  to 
both  parts  of  the  joint;  best  results  are  obtained 
when  the  filler  metal  also  is  given  a  coat.  Use  a 
circular  motion  in  brushing  it  on,  and  let  the 
flux  extend  outside  the  joint  or  fitting.  Brushing 
the  flux  on  with  a  circular  motion  .gives  a 
uniform  xoating  and  lessens  the  possibility  of 
l)arc  spots  that  will  oxidi/,c  dunng  heafihg. 
Fluxing  the  filler,  metal  ciin  be  done  by  heating 
.the  filler  rod  and  dipping  it  into  the  tlux. 
Sufficient  tlux  to  do  the  job  w,i1l  stick  to  the'hot 
rod. 

When  applying  flax  or  assen^ibling  the  parts, 
avoid  handling  the  polished  parts  of  the  joint  or 
you  will  defeat  the  purpose  of  cleaning.  Flux 
should  always  be  applied  as  soon  as  a  joint  area 
is'' tfleaned  even**  though  it  will  not  be  joined  . 
immediately. 

SILVER  BRAZING  TECHNIQUES 

The   process  by  which  heat  flows  from  - 
molecule  to  molecule  through  a  metid  fs  called 
^CONDUCTION.  Conduction  takes  place  quite 
rapidly  in  m%st  metals,  but  air  is  a  very  poor 
conductor  of  heat.  Therefore,  if  two  pieces  of 
metal  that  are  ,to  be  joined  are  not  in^cbntac,i 
with  each  other,  each  piece  must  be  heated 
separately.  If  the  two  pieces  are  in  contact  with  ^ 
each  other,  you  can  heat  them  both  by  applying  * 
Meat  to  one  of  them;  the  second  piece  wiil^be  - 
heated  by  conduction.  When  two  pieces  of . 
different^  metals  are  Mo  be  joinqjl  by  silver 
ferazing,  the  difference  in  heat  ,coi?j1ucti)||pfcof  / 
Tiie  two  rtietBls  mus^be  GonsjHkred.  ^ 

The  filter  metal  and  the  flux  used  in  silver 
brazing  cannot  occupy  the  same  space  at  the 
same  time.  Therefore,  a  clearance  must  be  ♦ 
provided  in  the  sfctup  of  Hie  joint  so  that  the  , 
filler  mct'al  canMlow  in  and  the  flux  can  flow  out 
when  ^he  filler  metal  reachlSr  tlie- bonding 
tejnperature.  ^  , 


The  STICK-  F  t  F  D  M El  HO D ,  shown 
step-by-step  in  figure  7-19,  is  most  often  used  in 
the  optical  shop. 

In  this  method,  the  judgment  of  th^ 
individual  performing  the  job  determines  when 
both  parts  are  pro|>erly  heated  and  when  to  teed 
the  filler  metal.  If  is  also  Icl't  to  his  judgment  to 
determine  when  suf  f  icient  f  iller  metal  has  been 
fed  into  the  joint  to  completely  All  the  space 
between  the  two  parts  being  joined.  Skillful 
torch  manipulation  is  necessary  to  apply  heat  to 
the  proper  component  at  the  correct  time  to 
form  a  perfect  joint.  Overheating  will  burn  out 
the  flux  and  destroy  the  jcJint.  After  joining  is 
satisfactorily  completed,  flush  the  joint  with 
warm  water  to  remove  the  flux  residue. 


HEAT  TREATING 
AND  TEMPER  INC? 

.  As  an  Opticalman,  you  will  work  with 
metals  at  various  times  wliile  working  on  optical* 
instrunients,  Tims,  you  should  be  familiar  with 
types  of  metals,  the  properties  of  metals,  and 

.the  hcattreating  processes  for  the  most  coninion 
metals.  ^  ' 

•  The  m'etals^with  which  yoi|^  work  can  be 
tfivided  into  two  general  classifications^  ferrous 
and  noiiferrous,  FERROUS  metals  are  those 
that  are  compojjed  primarily  of  .iron. 
NONFERRDUS  metals  are  those  that  are 
composed  primarily  ^  of  some  element  or 
elements  otlirer  than  irOn,  Nonferrous  metals  or' 
alloys  sometimes  contains  small  amount  of  iron 
as^an  alloying  element  or  as  art  impurity. 

Metal^  atKl  alloys  vary  widely  in  their 
characteristics  or  properties,  Oiemical  properties 
involve  the  behavior  of  the  metal  in  contact  with 
the  atmosphere,  ^aJtwater,  or  other 
envh-onmehtsr  y  Physical  ^  properties  relate  to 
color,  density  arid^  weiglrt,  magnetic  qualities, 
electrical  conductivity  or  resistance,  and  ilea t 
conductivity.'  Mechanical  properti6s  relad*-to 
load  carfying  ability wear  resistance,  and- 
elasticity.  '        \    "  ^  . 

.  .  The  various  prot>erties  of  metals  and  alloys 
have  t>«en  dfl^tprmmed  in  the  laboratories'  of 
manufacturers  and  are  taljulated  and  indexed  by 
various,  engineering  societies  interested  ip 
metaliurgical  development.  Charts  which  give. 
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FLUX 


FILL  CLCARANCi  AREA  WITH  FLUX 


® 


HEAT  PIPE  AT  "a**  TO  SWELL  IT  UP 
AND  MIHG  SURFACE  IN  CCWTACT 
WITN  INSIDE  SURFACE  OF  FITTING. 
CLEARANCE  ARE4  CLOSES. 


HEAT  FITTING  FROM  "B**  TO  "C** 
CLEARANCE  AREADPENS  UP,  AND 
FILLER  METAL  IS  APPLIED  AT  EDGE 
AS  FLUX  FLOWS  OUT. 


® 


CONTIHUe  HEATING  AT 
TO  AtLOW  FILLER  METAL 
TO  FLOW  IN.  . 


MIAT  erfTlWB  JOINT  TO  COMPLire 
BOND  tKTfrBlN  PIPK  AND  FITTING,. 
MAKING  SMOOTH J^lL)i,fcT THE  CDOE. 


Figurt  7<r9.-FMd*in  method  of  <ilv«r  brazins 


pfo|)erties  pertaining  to  a  particiWr  metal  or 
alloy  arc  published  in  such^re  fere  nee  books  as 
the  Metals  HanHbook.  Tlic  cliirts  provide 
information  on  the  physical  and  mechanical 
properties  which  l|ave  been  dcterrnined. 

What  are  the  proi>erties  an  Opticalmaii  needs 
to  understand  about  the  metals  most  Comnwnly 
used?  Tliey  Miuk  tlie  mechanical  pmpert^s^of 
(I)  hardness,  (2)  touglmess,  (3)  ductility,  (4) 
malleability,,  (5)  britt^eness,  ^nd  (6)  tensile 
strength.  Following  is  aiv'explanatiort  ^of  the 
moaning  of  these  ternft." 

The  HARDNESS  of  a  metal  is  the  property 
that  resists  scratdiing,  denting,  -oitttng,  or 
erosion.  It  may  also  be  defmed  as  the  ability  of 
the  metaj  to  resist  pe'netration.  A  piece  of  lead, 
for  example,  can  easily  bo  scratched  >mith  a 
knife.  But  it  would  be  difficult  to,  mark  a  piece 
of  steel  in  this  manner.  Tlie  reason  jig  that  steel 
possesses  '  the  property  of  hardness  which 
provides  resistance  to  scratching  and  cutting. 

TOUGHNESS  is  the  property  of  a  metal  that 
withstands  shock  loading  without  brtjujking.  It  is 
thus   related   to  strength  and   to  ductility. 
Usually,  the  hardness  of  a  metal  increases  as  the 
'  toughness  decreases. 

DUCTILITY  is  the  property  that  renders  a 
metal  capable  of  being  drawn  into  wire  form.  In 
other  words.  When  the  metal  is  stretched,  it 
elongates  rather  than  breaking. 

MALLEABILItV  is  the  property  of  .metal 
that  permits  it  tb  b'e  rolled,  forged,  or  hammered 
into  sheets  without  cracking  or  breaking. 

BRITTLENESS  is  the  tendency  of  a  metal 
to  break  with  littft  or  no  prior  deformation. 
Hard  materials  are  often  brittle,  but  a  metal  or 
alloy  which  is  properly  heat  treated' can  be  hard  , 
■without  brittlehess.    "  '  < 

TENSILE  strength  is  the  property  of  a 
H»etal  which  resists  forces  that  tend  to  pull  the 
metal  apart.  It  is  measured  in  terms  of  poun4s 
.   per' square  inch  >vhiclj  represents  the  pull  that 
must  be  exerted  on  a  cross-sectional  area  to 
.  Bjreak  the  metal.  .J* 
.  t  .   a>RROSI0N  IIESISTANGE,  though  not  a 
.mechfjaij^i    property,    is    also    of  primary 
iWiportano^T  Corrosion  resistance  is  the  property 
that  withstands  chemical  or  electrochemical 
attack  by  air^  m^oisture.  Soil,  or  other  agents, 
■ '  The  yarioyis  mechanicaLproperties  described  " 
may,  be/ desirable  at  times  and  undesirable  at 
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other  tin)cs,  (topoiuling  on  the  purpose  for  which 
the  motal  is  to  be  used.  But  resistance  to 
corrosion  is  always  a  highly  desirable 
characteristic. 

FERHOUSMirrALS 

A  few  examples  ol"  ferrous  metals  are  pig 

- .  itoii,  cjjst  iron,  ingot  iroiv^  and  wrought  iron. 
Carbon  steel  and  the  various  alloy 
steels- structural  as  well  as  tool  steel  are  also 
-Considered  as  ferrous  metals  since  they  are 
composed  of  iron  to  which  relatively  small 
percentages  of  carbon  and  other  elonients*have 
been  added  as  alloys.  * 

*  Tlie  term  cast  iron  may  be  applied  to  any 
iron  in  which  the  carbon  alloy  is  more  than 
1.7%.  Cast  iron  has  high  compressive  streiigth  > 

•  and  good  wear  resistance,  but  it  lacks  ductility, 
mtvllcability,  a/iil  impact  strength. 

Of  all  the  different  metals  aiul  materials 

^  which  you  will  use  whi-l*  in  the  Navy,  steel  is  by 
•far  the  most  important.  Steel  is  iiianufacturcd 
from  ,  pig  Iron  by  i.4ecreasing  the  amount  of 
carbon  and  other  impurities  present.  About  15 
pounds  of  maTy*anese,  an  indispcivsable  addition 
in  the  productioir  of  steel,  is  added  to  qach  ton  " 

^  of  pig  iron. 

Most  of  the  steel  you  i^sc  will  be  in  the  form 
of  structural  shai>es,  such  as  sheet,  tube,  and  bar. 
The  types  of  structural  steel  are*  mild  steel." 
medium  steel,  high  tensile  steel,  special  treated 

.  steel,  and  stainless  steel. 

Mild  steel  is  used  when  structural  strengthjs 
of  no  great  importance  and  when  a  groat  deal  of 

,  flanging,  shaping,  and  other  shop  operations  are 
involved. 

Medium  steel  i«  similar  to  mild  steel  in  its 
workabihty.  But  it  is  harder  and  stronger  than 
mild  steel  and  is  ustnl  when  structural  strength  is^ 
required. 

High  tensile  steel'  usually  referred  to  as  RTSr,  ■ 
contains  small  additions  of,  various  alloys  that 
give  the  steel  extra  hardness  and  toughness. 

Special  treated  steel,  known  as  STS,  cpntai<is\ 
a  small  (percentage  of  chromiuin-nicyi.  It  har 
,b«ten  specially  treated  to  obtain  .'hardness  and  ^ 
toughness;      ,  • 

StliinlesS  ^steel,  ref<5||ed  k>  -  a^  SST,  is 
generally  designated  thp,  percentage  of 
chromium  and  nickel.  For  examplp,  an  18-8' 
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stainless  is  an  alloy  containing  1 8%  .t Ijromium 
and  8'/  nickel. 

NON FERROUS  METALS  ^ 

As  an  Opticalman.  you  may  work  witlf 
various  types  of  nonferrous  metals.  Some  of  thfe 
niiqor  types  and  their  uses  are  discussed  in  this 
section.  T   "       '  ' 

Copper  and  copper  alloys  rank  high  among 
cominorciaU  metals  with  respect  to  desirable 
properties.  Copper  is  ductile,  malleable;  hard, 
tough,  strong,  wear  resistant,  machinable,  and 
weldable.  Also,  it  has  high  tensile  strength, 
fatigue  strength,  and  thermal  and  electrical 
! conductivity.  Copper  is  easy  to  work  and, 
although  it  becomes -hard  when  worked,  it  can 
easily  be  softened  (annealed)  by  heating  it  to  a 
ch^;rry  red  and  then  letting  it  c6ol.  Annealing  is 
the  only  heattreating  procedure  that  is  applied 
to  copper. 

Zinc  is  used  often  as  a  protective  coating, 
known  as  galvanizing,  on  steel  and  iron,  Zint  is 
also  used  iii  ^oldering  fluxes,  in  die  castings,  fnd 
as  an  Alloying  element  in  making. brass  and  some 
bronze.  . 

Tin  has  many  important  uses  as  an  alloying 
element,  Remember  that  it  can  be  alloyed  with 
lead  to  produce  soft  solders.  Alloyed  with 
copper,  it  produces  bronze.  Till  base  alloys  have 
a  high  resistance  to  corrosion;  they  also  have  a 
low  fatigue  strength,  and  a  compressive  strength 
which  will  accommodate  light  or  medium,  but 
nor  heavy  loads,  ' 

Tin,  like  lead,  possesses  a  good  resistance  to 
corrosion.  It  has  the  added  advantage  of- being 
nonpoisonous.  But  when  subjectfcdko  extremely 
low  temperatures,  tin  has  h  iWndency  to 
decompose.     ,  ^  [ 

Aluminum  'ii^e^jf  to'  work  ^mB'  has  a  good 
appearance.  Atthough  light. in  weight,,  it  has  a 
lligh  strengtlr  per  unit  weight,  but  its  tensile 
strength' is  only  1/3 'that  of  iron ;  and  iVs  that  of 
annealed,  mild  steel.  In  its  pure  state,  iluminum 
is  soft  and  has  a  strong  affinity  for  g^ses.  Tlfl^ 
use  of  alloying  eleipents  overcomes  tliese 
disadvantages.    '  '  . 

True  brass  is  an  alloy  of  coppet  and  zinc.  ' 
Additional  elennents-aliiminunx/ lea[(y  tin;  iron, 
tnangahese,  or  phosphorus^ay  freV.adtted  to 
give  {he  alloy i^^l He  p'roper ties.       .  .1 
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BroM/c  made  of  H4'v  copper  aiul  tin 
the  host  metal  availahlv;  hcfore  steel!n;|!king 
teehtuciues  were*  developed.  Many  complex 
bron/c  alloys,  a:)iHaining  additi(>nal- elements  - 
•sueh  as  /inc.  UMd,  iron,  aluminum,  silicon,  and 
plu)s|>horus  are  now  available 

Monel  is  an  alloy  in  which  nicko!  i\  the 
majtu:  cJc4ucnt/!.t^  contains  4rom  M'-^.  to  (>^r^ 
mekel,  about  30' v  copper,  anil  small  percentages 
of' iron,  mangaliese,  and  cpbalt^.  It  is  harder  and 
stronger  than  either  nickel  or  copper  and  has 
high  ductility.  NJonel  has  many  ol  the  {pialilies 
of  stum  loss  steel,  which  it  resembles  in 
appeahmce,  and  its  strength  aiuPhigh  resistance 
to  atmospheric  corrosion  make  it  an  accei>table  . 
substitute*  for  steel  m  a  system  or  sei^vice  where' 
atmospheric  corrosion  resistance  is  c^f  primary 
importance.-  ^  '  . 

hi-atirkAting  prockssks 

Metals  in  a*  solid  stale  s;^u  be  heated  and 
cooled  to  change  or  improve  a  physical  or 
inechamcal,'.  property  or  a  combination  of 
propcrties/-A  metal  part  is  heat  treated  fo  make^ 
it  sof  ter,  more  iluv'^tile,  stronger,  harder,  or  nuice  ^ 

^csi.staot  to  wciK.  Tliese  properties  are  developed 
as  needed  to  unprove  t!te  usefulness  and  liafe.ty 
of  'a  part  for  a  definite  purpose.  No  one 
heattroating  operation  can  produce  ,all  these 
characterifvtics''  and  Jhe  improveibent  of  some 
properties  is  gciined  at  the.  expei^se  of^ofher  v' 
P4;6p6Tties.  '  ^  ' 

thene  are  -different  foeijis-of  hcattreating. 
Common  .forin.s,  used   by   the  Navy,  inchider 

'  amicivlin'g.^  normalizing,  hardening:  teJn|x)ring; 
ancf  .^kcss  relieving.  The  particular  |ia*oeess  u<>ed  ^ 
is   determined    not'  *onIy    by    the  physical 
properties  to  be  developed  or  modified,  but  also  . 
by^  tfie  composition  of  the  metaL  Ferrous  metals  ' 

j^uay.  bc^  Iwdened,   tempered,  .luinealefl, .  aiuf 
nor^nuli/.ed.   N4e)St   non ferrous  metals  hiU  be 

.annealed  aixd  inahy  cijn  be  hardened,  but  they 
are^.NIiVtiR  tempered   or  .normaliml.  (For 
iVon.f*rrpu?I  t metals,   the  hardening  process  is 
usually  referred  toVfh\ply  as'hfcia^.treatment.) 
Whjle  all  heattreatmgf>r9cejises'iire  sirnilarin 

'that  they  tnvolvc  heating  ^nd  ccioling,  tlx^y'' 
differ  in  tKe  temperatures  to  \vhi.ch  the  nunid»  * 
are  boated,  the  rjite  pf  cooling,  i(n(^  .the'GQoling 

^Vedivim,,  In  addition,  s.oi)it5  of  Hifese  processes 


not  only    fleet  changes  in  physical  propcrties\ 
Init  idso  alter  the  surface  composition  of  the 
'metal. 

-  FtDr  all  metals,  time  and  temperature  are  the 
important  factoj-s  in  the  hcattreating  operation. 
Usually,  the  atmosphere  surrounding  the  metal 
(firing  heating,  or  during  heating  anvl  cooling,  is 
alsb  critical.  - 


Annealing 


Jj^Two  main  purposes  t>f  anncalinp  arc-(l)  to 
relieve  ititenial  strains,  and  (2)  \p  mjikc  .1  metal 
soft  enough  for  maehining.  Praotieally  all  metals, 
ferrous  and  nonferrous,  may  be  annealod.^aiid 
no  elaborate  equipment  is  essential  Itjs^ssible 
'to  produee  good/anneals  by  using'^'S  heating- 
Jorch  of  a  furnay^.  The. basic  process  consists  of 
heatiiig  the  m'^tal  to  a  specific  temperature." 
holding  it  at  that  tem|X!rature  for  a  specified 
length  of  time  (soaking^^  and  then  eoo^ing  it. to* 
room' tejnpprature.  Both  the  temperature  of  the 
Qptratidn  and  the  rate'of  cooling  depend  upon 
the  metal  bejog  treated .  and  the  purpose  for 
•Avhicli  it  is  to  be  used. 

Cast  irc^n  ordinSrily  must  be  .heated  to  a 
|x>!nt  between  1400°-  and  I500°F.  Pure 
aluminui\.can  be  annealed  at  temperatures  frOm 
625°  to  TOCfF,  but  aluminum  alloys  require 
somewhat  higher  tem4>eratures,  depending  upon 
their  c«>mpositioh.  Pure  co^er  can  be  annealed  " 
at  t^jmperatures  from  SOCT  to  I2G0°F.  Most 
.<t^rasses  j(copper-zinc  alloys  require  .annealing 
tempe^ritures  of  '  t'rotn  .  475°  to  '650° F; 
-Nickel-*chrotnium  alloys,  whicl|  cai/ withsjtand- 
^tremely  high  ternpe  raptures  without. 
SfTpVeciablc  damage,  nfiust  be  heated  to  annealing 
tomperutures  between  1800°  and  1950'^F. 

*Pdre  ahipiinu^jti  can  be  cpol^d  i;i  air;,  pure 
lcopi>er  cSrn  be .  cooled  in  air,  ar  quenched  in 
'  Water.  Steel  must  be  furnace-cooled.,  and  the 
•cooling  rate  must"  be  kept  slow  'to  pfodfice'" 
i^iaxlmumd^oftnes§.\  ■ 
\   In  alWjaling,  avoid  Qverheating^  Mie  metal 
'  b^ing  treated.  Overheating  will  tause Increased 
griiin  size,  Hiere  is  ijiSo  danger  of  l)urning  tire' 
mkallait^l,  in  ferrous  metafs,  decai-burifclhg  the 
surliace'  if  a  protective  atwosphere  i|  not 
.pf^iVided'.'  •;  .'  ■ • 
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Normaii/ii)g 

Nonu;ili/.ing  is  a  hoattiwilmg  process  similar 
to  uDiKMlmg,  hut  it  is  applied  to  Icrions  metals 
only.  Noiinali/.ing  retHuir?  mteii^al  gram  strueture 
aiul  itflieves  stresses  a:ul  strains  caused  by 
welding,  forging,  uneven  cooling  of  castings, 
ina_clni\ing,  and  bendnUL  WliCU  is  to 

hardened,  it  is  advisable  to  normali/.e  it  Orst:  low 
carbon     steels,  generally    do    not  require 
norinah/mg.  but  a  norinali/ing  treatment  will 
a  use  no  liarmtiil  results. 

The  process  ol  normali/.ing  like  other  heat 
treatment  processes  consists  of  three  steps: 
heating  tlie  metal  to  a  specified  temperature, 
soaking  it  (that  is.  holding  it  at  this 
temperature),  and  cooling  it  The  holding  time 
depends  u|)on  the  thickness  oj'  the  metal,  but 
must  Ik  long  enough  to  allow  for  uniform 
heating  throughout.  The  metal  should  be 
allowed  to  cool  evenly  to  room  temperature  in 
still  air. 


Hardening  and  Tempering 


J'he  pri  mary  purposes  of  hiWl^Anng 
operations  are  to  harden  metal  and,  at  tli^same 
time,  increase  the  tensile  strength.  In  Wci^ 
however,  the  ll^clening  process  increases 
brittlenes^j,  and  the  fapid  epoliiig  of  the  metal 
fronv  tjie  hardening  temperature  sets  up  .severe 
interiral  stresses.  To  reduce  brittleness  and  to 
relieve  internijl  stresses,  steel  must' be  tempered 
after  it  hlis  been  hardened.  Althougb  hardening 
and  tempering  are  separate  steeps  in  the  heat 
treatment  of  a  tool  ste*eK  the  value  of  each 
prbcetlure  de4?C!nds  upon  t\\e  other. 

The  hardetung  treatment  tor  most  steels 
consists  of  hei|trng  to  tlie  ^CQrrccfltemperature 
and  thfen  rapidly  cooling  .it  in  oil,  watet,  or 
Brine.  A  point  to  remember  is  that  top  rapid* a 
cooling  rate  will  increase  the  clanger  of  cracking 
or  warpmg.  Thjp  iiddition  of  alli^ys  permits  a 
slower  rate  •  of\  coolings  and  several  steels 
(high-speed  tooljstcels)  may  be  coofed  in  air.  ^ 
Cooling  (quenching)  in  oil,  freshwater,  or  brine, 
fionly  fixes  thfe  ■  structural  changes  which 
occurred  durih)j^ /jieating,  and  thus  causes  the^ 
metaKto  reinain  h((rd.  ^  ' 


If  allowed  to  cool  too  slo\yly,  .somt^  metals 
will  lose  their  hardness.  On  the  other  hand,  to 
prevent  too  rapid  quenching  which  would 
result  in  warping  and  cracking  it  is  sometimes 
necessary  to  use  oil  instead  of  freshwater  or 
brine  tor  high  carbon  and  alloy  steels.' (NOTIV: 
Water  or  brine  gives  a  taster  quench  but  does  not 
— jvcccssarily  increase^  hardness.  Hardness  is 
dependent  upon  the  type  of  steel  used  with  the 
correct  quenching  medium;  an  oil  hardening 
steel  will  not  be  harder  if  quenched  in  brine.) 

In  cooling,  you  have  to  bring  carbon  steel  to 
a  tenq>yrature  somewhat  below  1000'' I'  in  less 
than  I  Second,  l-rom  th[s  point  jflrownwjird,  a. 
rapid'  cooling  rate  must  still  be  maintained. 
Alloys  added  to  steel  increase  this  I -.second  limit 
for  lowering  tl<^ttu.ni>erature;  therefore,  alloy 
steels  can  .he  hardened  in  a  slower  quencliing 
medium, 

TI:MP1;RINC;,  also  called  DRAWINCI,  is  a 
process  generally  applied  to  steel  to  reduee 
brittleness  and  relieve  stresses  developed  during 
the  hardening  process.  Tempering  always 
follows,  never  precedesv  hardening.  It  differs 
'  fronr  annealing,  norjiiali/ing,  and  hardening  in 
that  the  tem|>eratures  are  always  BHLOW  the 
lecl/tiot  point. 

As  it  reduces  brittleness,  the  tempering 
process  also  softens  the  jjteel.  One  property  must 
be  saqritleed  to  some  extent  so  that  another 
property  may  be  improved.  High-speed  steel  is 
an  exception,  since  tempering  high-speed  steel 
it^preases  its  hardness  to  a  limited  extent. 

Tem|>ering  i{;  dane^  by  heating  the  Ivardened 
'  steel  to^a  temperature  below  the  efitical  range, 
holding  this  temperature  Vor  a  sutficien|  time  to 
penetrate  the  whole  piece,  and  then  coOlmg  the 
piece  rapidly  in  water,  oil,  or  air.  The  tempering 
temperature  for  hardened  steel  is  determined  by 
thp  degree  pf  hhrdness  ami  toughness  desired. 

Toolk  with  cutting  edges  arc  not  tempered 
abo^    650'' F.    The    hardness    required  for 
.  penetration  is  lost  if  a  hardened  steel  is  heated 
beyond    this    temperature,    i^owever,  tlie 
.    toughness  and  shock  resistance  of  the  steel 
jmf)roves^as  it  is  reheated  beyond  650^ F..  When 
reheats  beyond  456^ Pare  used,  the  operation  is 
.  frequentjy  called  TOUGHEfjING.  You  will  soon 
learn,  by  trial,  the  temperhture  at  which  a  tool 
must, be  tempJered. 
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Vhc  lollowyig.  list  yiYos  the  leinpoiaturo  lor 
tempering  various  plain  carhon  steel  tools  as  wefl 
iis  the\olor  ol  the  heat 


Meat  Color 


f 


Himiincr  luees,  machine   Pale  yellow  400 
Viitting  tools 

TapTaiuI'dies Light >tniw^  460 

Punches,  reamers,  dies.     Dark  yellow  480 
knives        -  '  I 

Twist  drills  Brown  yellow  500 

Drift  pms,  punchc-s  Brown  p\\vpk\  520 

Cold  chisels  Purple  540 

Screwdrivers,  springs  Dark  purple  550 

The  following  (.if^scription   of  a  conimon 

■  method  used  to  harden  and  temper  chisels  will 
help  to  cLirify  the  meaning  of  hardening  and 
tempering  -  Btuig  2  \:2  to  3  inches  o(  the  cutting 
edge  of  the  tool  U|)  to  hardening  temperature 
(red  hot).  Tiien,  ush\g'  totlgs  to  hold  the  chisel, 
quench. hy  plunging  I,  \:2  to  2  incites  of  tlic' 
heated  eiul  into  tlie  quenching  medium.  Jiggfe 

^the  fool  rapidly  using  an  tip-and-down, 
forward-aful-backward  .  motion,  and  iis  you  do 
make  sure  yoU  keep  the  point  imniersed  1/2 
inch  in  the  cjiKviclnng  mediutn."  •  . 

When  the  metal  has  cooled  to  a  black  heat 
(W  to  ^>50^T'  in  about  I  sccohd),  remove  the 
tool  from  ,the  quoncJ^  tank'  iiuickly  polish  the 
tapered  end. with  an  en^ery  board,  and  watch  the 
tempqr  color  ^^run  out''  until  the  desired  color 
appear^  (usually  purple  to^  dark  blue).  "Thert 
(jucnch  the  enti're  too!  to  temper  it:. 

It  is  well  to  remember  that  t^very  chisel  you 
see  is  not  a  water-hardened  efiisell  Many  are 

'manufactured  from  special  alloys  and  are 
oiUumlem^d.  Most  chisels  of  this  type  have 
directiotis  for  titatingisthmped  on  tho  shank  as 
follows:  l350WV00or  I OOO  O.  The  first  nitjans 

.  to  heat  ^o  1350''F,  quencli^n  whtcr  and  .temper^ 
at  40Q''F.  The  second  means  tol^eat  to  I600''F, 
and  quehcfi  in  oil. -It  js  riot  neOessary  to  temper 
this  tool,,  as  it  is  a  special  ajloy.  Other  plloy. 
chiseh;  will  have  different^  direetions  staitiped  on 

\he  shank.  Generally,  It  is  safe  lo  assume  that  an 
tmmarked  «hitel'ls  «  cat^bon  steel  w4tet:*hardetted- 
^ool. 


Stress  KeHeving 

Stress  relieving  Is  a  heattroating  process  in 
which  uniform  heating  is  essential,  but  the 
fenuxMatiire  to  which  the  part  is  raised  is  not  as 
higli  as  that  required  for  annealing  and 
normalizing.  The  ^)urpose  of  stress  relieving,  as 
the  nalne  implies,  is  to  relieve  stresses  dcweloped 
in  metals  during  mechanical  working  or 
solidification  from  a  molten  mass. 

Stress  relieving  is  done  by  heating  the  metal 
slowly    and    uniformJy    to    a  predetermined 
temperature.  Ihe  rateSf  heating  should  not  be 
Jess  than  4O0''t-  per  hour  for  most  metals!  When  ' 
the  metal  attains  the  dciiircd  temperature,  hold 
or  soak  it  at  this  tomi>erature  no  less  than  I  hour 
for  each  inch   of  thickness  ofVthe  thickest 
section.  Then  allow  the  part  to  cool  very  slowly  ' 
to  roofii  temi^erature.  The  eoqling  rate  should 
not  exceed  200°F  per  .hour  for  any  metal.  Since  • 
the  majority  of  stress  relief  occurs  during  the\ 
first  hour  after  the  part  attains  the  proper 
tt'mperatiiie,  it  is  essential  that  you  count 'the 
hold  time  lYom  the  time  the  metal,  not  the 
furnace,  reached  the  stress  relieving  temi^rature. 
Remember,  slow  cooling  is  essential.  If  the  part 
is  cooled  rapidly,  new  internal  stresses*  develop, 
defeating  the  purpose  of  the  treatment.  Typical 
practices  for  stress  relieving  common  rwTetals  are 
presented  in  table  7-1 . 


T«bl«  7-1.-StreM  Rotieving  Dbta 


Material 


(irny  cast  \voi\,  ,  .  .  . 
liow  carbon  steel  ,  .  ^ 
C'ifi'bon-  nK)lybcloniun 

steel  .  .  .   

Chroiuiuni- 
hH)lyl)donum  steel: 
j(O..V>  Cr^-O.f)  Mo)  .  . 
(2  Cr-().r>  Mo)  .  . 
(M  Cr-l  Mo)  .  .  .  . 

Copper.  ^  .. .      .  .  .  V 

Brass: 

(70  Cu-:U)  y.\\)  .  .  , 
.  (00  Cu-'IO  V.n)  .  .  . 

,        Cu-10  Sr\)  ^. 
Stainless  «tocl/»  .  .  >  . 


rcaipiM*-^ 

Hold  time 

(hours  per  inch 

("K) 

thickness) 

1 

1,250  ' 

• 

•>  • 
2 

1,400 

.  ':U)o 

\/•^ 

r 

'  r)O0 

1  . 

:nr)  , 

• 

1 
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t  LLANINC;  AND  PAINTING 


I  laving  ooiDplotcil  all  repairs  -  to  your 
instrument,  you  arc  now  ro;t\ly  to  do  the 
essential  cleaning  prior  to  painting.  Rcclean  al! 
parts  on  which  you  nuulo  repairs  to  renK>vc 
•^traces  at  nu)tsture,  chrt^  n^^^'J^l^hips,  grease,  aiul 
corrosion.  It  a  part  does  not  require  painting, 
put  it  in  tl)e  container  witjj  otiier  cleaned  parts 
of  the  iivstruitieiU. 


Bel'ore  you  cai^  successtully  paint  any  metal 
oLtiect,  you  nuist  get  it  thoroughly  cleaiK  IT  the 
surface  is  covered  with  rust.  dirt,  or  grease,  the 
paint  cannot  reach  the  metal.  It  forms  a  l4>so 
c6at  that  chi|>s  or  peels  off.  If  /ou  paint  dsicr 
grease  or  oil,  it  w^ll  probably  mix  with  your 
paint,  and  the  mixture  wilfdry  very  slowly,  or 
not  at  all. 


CORROSION  REMOVAL 


"  When  a  part  is  corroded,  thorouglily  clean  it 
so  the  paint,  will  adhere  and  give^a  good  finish. 
Use  approved  coijimercial  compounds.  Always 
follaw  the  manufacturer  s  instructions  wheji  you 
use  these  products,  smd  protect  yourself  by 
following  safety  precautions. 

If  you  do  not  have  an  approved  corrosion 
removal  conj pound,  you  can  make  some  (for 
different  metals)  by  using,  the  following 
formulas: 


CAUTIdS,  Do  NOT  handle  chemicals  until 
you  understii^icN^he  safety  precautions  which 
pertain  to  the^n.  NEVKR-  USE  CORROSION. 
REMOVAL  C0MIH5uNDS  ON  BEARINGS  OR 
C'HAR  TEETH. 


I.  To  make  a  corrosion  removal  compound 
for  cast  iron  and  steel,  use  50%  solution  of 
sulfuric  acid  and  distilled  water  (about  ISO'^F). 
Then  dip  the  -corroded  metal  parts  in  the  warm 
acid  for  about  5.  seconds,  and  wash  them 
immediately  in  several  clianges  of  hot  water. 


2.  You  can  make  a  corrosion  removal 
con) pound  Ibr  brass  by  using  the  following 
fornuihi: 

Water  (pure,  distilled)  '  ^\  cc 
Sulfuric  acid  (concentrated)  435  cc 
Nitric  acid  (concentratvd)  72  cc 

Ifydrochloric  acid  (concehtrated)    2  cc 

If  a  corroded  brass  surface  is  bright  in  spots, 
it  w;rs  probably  polished  and  protected  with 
clear  lacquer.  Submerge  the  <^ part  in  paint 
remover  and  then  rinse  it  with  hot  water,. 
Continue  by  dipnini^  the^  part  \\\  the  correct 
anu)uiit  of  the  fcoriosion  removal  solution  for  4 
or  -5  seconds,  rinsing  it  in  water,  drying 
thoroughly  With  an  airhose,  and  applying  at  least 
one  coat  of  clear  laCquer  betbrc  V\q  surface 
oxidi/es.  NOTE:  Do  NOT  use  latxpier  if  the  part 
IS  to  be  painted  and  not  polished.  ^ 

3,  To  clean  corrosion  from  aluminum,  dip 
it  lor  5  to  10  seconds  in  a  10%  solution  of 
.sodium  hy^lroxide  (lye)  at  a  tennx?fature  of 
about  150"*!*'  and  wash  the  lye  otT  immediately 
with  hot  water. 


You  can  also  use  some  nonehemical  methods 
fot  removing  corrosion  and  giving  a  bright^, 
smooth  finish  to  metal  parts.  These  methods., 
involve    wire    brushes,   buffing    wheels,  and 
abrasive  cloth. 

REMOVING  CORROSION  WITH  A  WIR^ 
BRUSH. -There  are  two  types  of  wire  brushes' 
which  .ai'e  used,  to   remove  corrosion  from 
metal  rotary^power  and  hand. 

CAUTION:  To  prevent  damage  to  your  eyes; 
always  wear  goggles  to  protect  t4iem  from  ^\\}g 
Wire.  Do  NOT  use  a  power, driven  brush  OTi  a 
bearing  surface  Qr/an  engraved  partjt 
•  >  < 

To  use  a  rotary-power  wire  't>rush,  maintain 
enough  pressure  to  force  the  moving  wire 
brisWes  into  the  corrosion,  and  iise  a  slow,  even 
movement.  Start  in  the  center  of  the  part  and 
move  toward  the  edges  tq  ensure  thorougli 
cleaning  of  the  edges.  Use  a  fine  hftrtd  wire  brush 
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on  ilcIi^Mtr  parts  ;tiul 
irjyiAuhr  picas. 


Ml.sulc    COIIKMS  of 


K I  M  {)  V  I  N  ( ;  (OR  K\) SION  Willi  A 
BUI-I'IN(;  WHIl'L.  A  bti(tin'^  wheel  gives  a 
part  a  brighter,  pohshed  tifiish  than  a  wire  brush 
or  emery  clotK.  but  it  wiU  no\  reniov^*  heavy 
corrosion,  lo  speetl  up  the  bulfing  proees.s. 
clean  the  parts  hrst  in  a  coTrosion  remover  or 
use  :\  wire  brush.  Do  not  use  these  wheels  on 
large  areas,  but  use  them  to  polish  small 
irregularly  shaped  metal  parts  which  nuist 
remain  bright .  Z'^^ 

Use  a  polislnne,  compound  on  the  butting 
wheel,  aiul  polish  a  part  until  you  have  the 
clesireil  finish,  Tlien  remove  the  reniaupi  of  the 
polishing  compoumi  with  a  solve^)i<<rry  t^^e  part 
IhoroughK.  ami  appiv  at  least  o^k*  Trrnrt^f  clear 
laci|uer. 

^  CAirriON:  /V^buffing  wheel  turns  at  high 
speed,  so  use  light  pressure  to  avoid  the  heat  of 
friction.  Also,  remember  tfiat  a  buffing  wheel 
can  pull  parts  out  of  your  hand  and  propel  them 
across  the  work  space  at  high  speed.  It  is  also 
important  to  remember  that  Vower  brushes  and 
Imffing  wheels  will  rem*c)ve  metal  and  leave  low 
spots  on  the  work  if  you  do^  not  use  stea\ly 
movement  and  pressure. 

.  RhMOVINC;  CORROSION  WITH 
ABRASI VF  (LOTH.  YOU  can  •  rainove 
corrosion  tiotn  metal  with  an  abrasive  cloth  in 
the  following  manner;  ^ 

,  » 

1 .  Polish  f  lat  pieces  by  hand  using  various 
grades  of  emery  cloth  laid  on  a  workbench. 

2.  Polish  irregular  pieces  in  a  vise.  Use 
wood  or  metal  in  the  jaws  of  a  vise  to  protect 
thcHe  pieces  and  secure  them  ONLY  as  tightly  as 
necessary.  It  is  often  beneficial  to  wrap  abrasive 
cloth  around  a  tile  for  this.operation. 

3.  Put  small,  round  parts  of  an  instrument 
in  the  collet  of  a  lathe  and  (with  the. lathe 
ri^nnyig  at  high  speed)  touch  the  parts  lightly 
with  emery  cloth  or  ctqcus  cloth  just  enough  to 
get  the  polish  desired. 

NOTE:  Sandpaper  of  various  grades  is^used 
to  finish  ^^od  surfaces.  Metal  is  ^9lished  with . 
emery  eloth,^  crocus  cloth,  or?  wet  or  dry 


abrasives.  I  jneiy  cloth  is  available  in  grades  fr^m 
60  (very  coarse),  to  320  (One),  Wet  or  dry 
abrasives  usually  span  320  to  600  grit  (ntost 
often  tised  in  auto  paint  and  body  shops). 
(  roctis  cloth  has  about  the  same  abrasive  quality 
as  the  finest  metal  polinh. 

SAl  ia  Y  PRECAUTIONS  - 
FOR  USINC.  CHEMICALS 

You  probal-dy  leanicil  a  great  deal  about 
safety  precautions  irt  basic  naval  training  courses 
you  studied  previously.  The  safety  precautions 
(.liseussed  in  the  next  section  arc  particularly 
important  to  Opticalinvn  and  sUould  be 
repeated.  Study  the  following  rules  when  you 
work  with  all  kinds  of  chemicals.  If  you 
remember  them,  you  may  be  able  to  prevent 
inju^  or  death.  • 
\  \ 

I.  DIRECTIONS  FOR  USe!  Study  the 
directions  on  the  container  before  using  any 
chemical.  Do  not  mix  chemicals  improperly,  or 
in  incorrect  proportions;  they  may  explode  or 
release  deadly  fumes. 


WARNING:  NEVER  MIX  CHEMICALS 
AT  RANDOM,  OR  PLAYFULLY,  JUST 
TO  FIND  OUT  WHAT  HAPPENS.  IF 
YOU  DO,  YOU  MAY  NOT  LIVE  LONG 
ENOUGH  TO  SATISFY  YOUR 
CURIOSITY.  ALWAYS  WORK  WITH 
CHEWrOALS  FN  A  WELL 
VENTILATED  AREA  TO  AVOID 
BREATHING   DANGE^pUS  FUMES. 


LABELS: '  Keep  labels  on  containers  of 
chemical  intact.  lif  you  notice  that  a  label  is 
coming  loose,  glue  it  back  in  place.  Then  coat 
the  label. 


WARNING:  NEVER  USE  A 
CHEMICAL  FROM  ^ AN  UNLABELED 
CONTAINER-DISPOSE  OF  IT 
FMMEpiATELY.  , 
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3.  WA'II-R  AND  ACID  If  you  must  mix 
water  anJ  acid,   mUR  THF    ACID  Vl'RY 
SLQWl.Y  INTO  TUf-  .JVAll  R.  II  you  poiir^ 
water  into  acid/  the  mixturo  will  boil  over  ami 
burn  everything  it  touches 

4.  CLF'ANIJNF,SS;  Keep  chenucals  ami 
their  containers  clearT  as  well  as  all  equipment, 
supplies,  and  spaces  you  use  when  hanclRug 
Gh^rniciils.  Hven  a  sttrctH  amoimt  ot 
contamination  may  ruin  your  work, 

5.  CHI  MIC  AL  POISONINC;:  Many 
chc^iiicals  are  poisonous,  and  some  of  them  can 
burn  your  clothes  and  skin,  CAUriON;  Wear 
rubber  gloves,  a  rubber  apron,  and  gqggles 
whenever  you  work  with  chemicals.  Remember 
the  antidotes  tor  poisoning  and  chemical  b\irns. 
This  knowledge  may  save  a  lite  Iwen  alter  you 
administer  an  antidote  or  neutraliw  a  chemical, 
report  to  sick  bay, 

TRHAT  ACID  BURNS  AS  QUICKLY  AS 
POSSIBLE.  .  Wash  otf  tlA^  acid  with  an 
abundance  of  water,  and  tlicn  wash  your  hands 
under  a  spigot  if  they  were  involved.  Continue 
by  neutralizing  all  remaining  acid  with  lime 
water  (calcium  hydroxide),  a  mixture  of  equal 
parts  of  lime  water  and  raw  linseed  oil,  or  a 
paste  of  baking  soda  and  water.  RHMIiMBHR 
THIS:  Baking  soda  is  a  base  and  it  neutralizes 
acids.  If  acid  gets  in  your  eyes,  wasli  it  out  with 
cold  water  and  then  wash  your  eyes  with  weak 
lime  water. 

WASH  ALKALI  BURNS  WITH  PLENTY 
OF  COLD  WATER;  the  n  neutralize  remaining 
portions  of  the  alkah  with  vinegar  or  leinoi) 
juice.  Weak  acids,  such  as  vinfegar  or  lemon  juice 
neutralize  bases  (alkalies)  or  caustics  such  as  lye.  - 


Antidotes  for  Poisons 

Study  these  antidotes  carefully;  better  stifl, 
^  memorize  as  many  as  possible. 

ACETIC  ACip.-Use  ail  emetic  to  cause 
vomiting.  Magnesia,,  chalk,  Sbap,  oil,  mustard, 
and  salt  are  emetics"  A  quick  method  for  making 
a  good  emetic  is  to  stir  a  tablespoon  of  salt  or 
mustard  into  a  glass  of  waVm  water, 

HYDROCHLORIC,  f^ITRIC,  AND 
.  PHOSPHORIC  ACID.-Use  milk  of  magnesia. 


raw  egg  white,'  cracked  ice,  oi  ;i  mixture  of 
baking  so/i  and  watiM  jis  an  imtiilotif  foi 
poisoning  l|y  these  acids. 

CARBOLir  ACID.  Some  good  iintidotes 
for  carbolic  acid  arc:  egg  white,  hnie  water,  olive 
or  aiyStor  oil  with  magnesia  suspended  in  it.  zinc 
sulfate  in  water,  cracked  ice,  pure  alcohol,  or 
about  4  ounces  or  crimpTioiafed  Oil.  Remember 
particularly  egg  white,  lime  water,  and  cracked 
ice^fof- thcy'will  most  likely  be  readily  available. 

■ALKALII'S  (SODIUM  OR  POTASSIUM 
HYDROXIDI").  Good  antid  otcs  for  poisoning 
by  -.strong  alkalies  are  vinegar,  lemon  juice, 
orange  juice,  oil.  or  milk.  You  can  easily 
remeinlx;r  these  antidotes. 

DI;NATU*ED  ALCOHOL.  Antidotes  for 
poisoning  by  denatuird  alcohol  are  emetics, 
milk,  egg  white,  imd  Hour  and  water.  If 
breathing  stops,  give  artificial  respiration. 

lODINH.  -Give  emetics  or  plenty  of  starch 
or  Hour  stirred  in  watjer. 


PAINT  REMOVAL 

When  you  are  to  repaint  a  surface  tMt  is 
already  painted,  you  will  usually  need  to  ilSiove 
the  old  paint  first  (stripping?).  Apply  a 
commercial  paint  remover  by  bru.shing  it  onto 
the  painted  surface.  (After  you  have  used  a 
brush  for  paint  remover,  do  not  use  it  agai;i  for 
ai^  other  purpose.)  Brush-on  paint  remover 
dissolves  synthetic-bristle  brushes,  so  use  a 
natural-bristlcT  brush. 

Leave  the  paint  remover  on  the  part  as  long 
as  necessary  for  it  to  dissolve  the  paint,  then 
rinse  off  the  loosened  paint  iii  running  water.  To 
remove., all  traces  of  .paint  remover,  which 
sonjetimes  leaves  a  Waxy  film,  scrub  the  parts  in 
strong  soapy  water,  rinse  in  ho|  water,  and  blow 
dry.  Because  it  is  -diffijcult  to  wipe  brush-on 
paint  remover  out  of  hofes  and  corners,  you  will" 
experience  some  difficulty  in  vsing  it,  * 

If  an  instrument  has  a  good  paiint  job  except 
for  a  few  chips  on  the  corners,  you  can 
sofxietimes  dress  the  chipped  areas  -wnh  fine 
emery-cloth,  scrub  and  dry  the  surfaces,  and 
then  paint  the|instrument. 

i  • 
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Itumcmon  type  paint  ami  carbon  rcniovers  " 
are  ji^vailablc  thrpUgh  Navy  supply  channels^  and 
also    commercially.   They    are   designated  . 
SUPER  cleaners. ,  Besides  stripping  paint,  they 
remove  heavy  carbon,  grease,  varnish,  and  sticky 
gums, 

You  will  get  best  results  with  a  paint  and 
carbon  remover  by  putting  at  least  10  gallons  in- 
a  slainll»ss  steel  tank  and  soaking  the  parts  in  it 
,.avS  long  as  necessary.  Then  wash  each  part  with 
hot  water,  remove  the  water  with  a  compressed 
airhose,  and  bake  it  briefly  in  an  o\ven.  (t  is  then 
ready  for  painting. 

TYPES  OF  PAINT 

Many  ^iliimituim  parts  have  a  very  smooth, 
hard  finish  whicli  appears  to  be  painted.  This 
finish  is  called  ANODIZE.  and  it  is  deposited  by 
an  electrochemical  process.  If  an  anodized  finish 
becomes  scratched,  corrosion  \Mill  start  and  the 
part  wilt^  require  painting  after  the  corrasion  is 
rcmove%^ 

The  p2^\^  ypu  will  be  ti^ipg  is  usually  eiUjpr 
gray  or  black.  It  ti  available  hi.dull,  semiglojfS,, 
gloss,  and  also  wrinkle  finish,  ta^jquers  and  \ 
enamels  are  preferred.  Dull,  Hat  blacl^'tjaint  is 
,  used  to  cut  \lown  surface  reflections^  ancKU  is 
also  used  to  kill  internal  reflections  cmi  the  ins^de 
of  optjical  instalments.  Paints  which  give  a\ 
semigloSSrt  appearance  and  a  hard,  durable  finish  ^ 
are  used  on  parts  which  receive  considerable 
handling  and  on  such  small  articles  as  eyepiece- 
fociising  rings,  knobs,  handles,  and  pointers. 
You  will  generally  use  a  semigloss  black  finish 
paint  on  mast  optical  instruments. 

Grey  or  black  wrinkle  paint  is  often  used  on 
body  castings  of  large  instruments  or  on  smaller 
portable  navigation  instruments.  Wrinkle  pa^nt 
offers  the  most  durable  finish  available. 

AdWays  use  clear  lacquer  on  pirts  subject  to 
corro«fion,  biit  which  are  not  painted,  to  pptect 
their,  high  polish. 

'    CAUTION:  Nevercover  enamel  witlj  lacquer . 
because  the  lacquer  loosens  the  er>amel  from  its 
bhse  and  causes  it  to  blister.   .     <  . 

.  A  baking  enamel  of  fegh  quality  gives  a.  hard, '  ' 
durable  finish,  byt  ai^dried  enamel  is  good  fdr 
.touching  up  Qr  painting  an  instrument  which 


cannot  be  subjepted  to  hc|at  in  a  baking  oven. 
Acrylic  enuindT sprayed  iVom  aerosol  cans  are 
widely  used  in  optical  shops.  Results  are  not  so 
gcJod  as  enamels  sprayed  ftom  a  gun,  but  such 
paints  art',  sat^stactory  for  most  instrument 
finishes,  ai^l  the^TarxNeasy  to  use. 

Lacquers  hiiVV;  one  outstanding 
characteristic:  they  dry\iuickly,  but  they  yymot 
resist  chemicals  and  arc  therefore  not  asdurablfc 
as  enamels. 

PR|PARING  PAINT 

Prepare  lacquer,  enamel:  or  wrinkle  paint  in 
the  sam.e  manner,  for  use  in  a  spray  gun,  as 
follows: 

1 .  Stir  the  paint  thoroughly  to  mix  the 
pigmcxit  back  into  tlw  liquid  used  to  suspend  it. 
Unless  you  do  this,  the  paint  will  not  clover  > 
surfaces  with  uniform  luster  or  color. 

2.  Thin  thick  paint  before  you  put  it  into  a^ 
spray  gun;* otherwise,  it  will  clog  the  gun  or.give 
you  an  unacceptably  thick  finish.  Follow  the 
manufacturer's  instructions  when  you  thin  the 
pamt.  V 

Do  not  add  more  than  20%  of  thinner  to  the 
paint,  lest;you  get  it$o  thin  that  it  will  not  Cover 
properly.  It  is  best  to  add  small  amounts  of 
thinner  and>!ittf  lliOrough)y  until  the  desired 
,  consistency  is  rey|ied.  Dip  a  pencil  vertically 
into  the  sp<i«t  fiwi  thei^'  withdraw  it.  If  the^ 
,(^i)nsisteiC[5'  is  correct  for  spraying,  the  paint  will 
run  off  the  pencij  in  a  smooth,  thin  stream. 

3.  Wlien   you   have  the  paint  prdpferly 
thinned  for  spraying,  strain  it  through  several 
thicknesses  of  cheesecloth  or  medical  gauze  to 
-eliininate  lumps  of  undil^olved  pigment,  dirt, 

and  any  other  particles  which  could  clog  the 
spray  gun  and  produce  a  poor  fifilsh. 

•  Paints  and  their  thinners  are  flammable,  and 
sotne  are  explosive;  so  use  a  spray  boibth  with  an 
explosion-proof  .  exhaust  fi^h.  To  prewint 
$PQntanequs  combustion,  put  rags  used  for 
wiping  paints,  oils,  tlu^ners,  etc.  in  a  container  ' 
with  a  .self-closing  cover,  and  disposi  of  them 
completely  as  soon'  as  .practical.  Stow  paint 
,  material?  in  a  locker  which  will  not  tip  over,  and 
'  at  a  temperature  less  than  95** hut' above 
freezing.  .       '  '  ; 
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CAUTION:'  Permit  •  no  smoWng  in  the 
slprayroonu  and  have  a  C^O,  lire  e)^ing*»isher 
avtilabie.  ' 
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INSTRUM^Nr  PAINTING 


The  three  reasons  for  painting  metal  parts  of 
optical  instnimcntsc^ire  as  Jfollows  (In  order  of 
jmpoctance);  ^ 


1.  To  protect  the  metel  from  rust  and 
corrosion.  This  is  most  important  for 
instruments  used  aboard  ship,  where  salt  spray 
and  damp,  salty  air  quickly  corrode  unprotected 

.  metals.      ^  I 

2.  To  kill  reflections.  The  glare  of  bare 
metal  in  the  sunl^it  is  very  annoying  to  the  user 
of  an  optical  instrument,  and  under  some 
conditipns  a  brilliant  reflection  from  a  metal 
surface  m^  rQveal  th^bserver's  presence  to  an 
enemy.  ^ 

3.  To  improve  appearance.  A  good-looking 
optical  instrument  creates  a  good  impressicn  on 
all  who  see  and  use  the'  instrument., 

Once^  a  surface  is  clean  and  othen^^se  ready  , 
for  pain^mg^yplmust  m^sk  areas  where  paint  is 
not  desired,  such  as  bearing  surfaces,  screw 
threads,  and  the  interior  of  the  instrument!  Be 
velv  careful  wh^n  masking  these  areas.  You 
must  NOT  touch  |i  prepared^ surface  with  your 
fingers.  Be  sure  to  trim  excess  masking  tape  with 
a  razor  blade  ^harp  knife.  v 

To  paint ^rewheads,  pimch  small  holes  in  a 
(Mrdboard  box^  and  insert  the  "Screws.  This  not 
only  keeps  paint  off  the  body  of  the  screw,  but 
aho  helps  you  Avoid  losing  these  small  parts. 

Other  small  parts  to  be  painted  can  either  be 
laid  on  l^ieces  of  cardboard  or  you  can  suspend 
them  frotnlMre  hooks,  ' 

REMEMBER:  Once  a  part  is  clean,  you  do 
not  want  to  touch  it  or  allow  it  to  touch 
anything  else  until  after  the  paint  is  dry.  ^ 

Before,  you  use  a  spray  gun  for  the  first  time, 
wck  good  Uiformatidn  concerning  its  operation^ 
-or  closely jTollow  the  manufacturer's  instructions 
for  its  use.  Check  the  «pray  gun  for  cleanliness. 
If  it  is  dirty  or  has  pld  paint  on  the  inside, 
disassemble  it  completely  and  soak  the  metal 


parts  in  a  paint  remover.  Clean  the  gaskets  in 
lacquer- thinner.  CAUTION:, Paint  remover  will 
nlin  the  gaskets.  When  you  reassemble  the  spray 
gun,  lubricate  all  moving  parts  and  make  sure 
the  gun  is  clean: 

NOTE:  Your  air  supply  should  have  an  air 
pressure  and  reducing  valve  with  a  water  and  oi| 
trap  (and  filter)  which  works  properly  all  the 
time,  Drain  the  trap  regularly.  If  water  and/or 
oil  get  into  your  spray  gun  and  paint,  it  will  ruin  . 
the  appearance  of  your  work. 

-  * 

The  air  pressure  to  use  for  spray  painting 
should  be  from  10  to  25  pounds  per  square  inch. 
The  pressure  to,  use  depends  on  the  type  and 
coi>«istency  of  the  paint  Aid  size  of  parts ^o  be 
painted.  "  Your  spray  gun  can  be  adjusted  to 
provide  a  cone-shaped,  spray  or  a  horizontal  or 
vertical  fan  spray.  You  <»n  also'  control  the 
amount  of  paint  contained^  the  spray  with  a 
n,uid.  needle. 

For  small  orirregulariy  shaped  parts,  use  a 
light  cone-shaped  spray.  For  larger  parjts,  adjust 
the  gun  to  provide  a  heavier,  vertical  fan-jhajwd 
spray. 

•  Hold  the  spray  gun  about  10  inches  from 
,  your  work  and  keep  it  moving  smoothly  back 
and  forth.  Be  sure.to  carry  each  swing  of  the  gun 
out  past  the  end  of  the  work  before  you  start 
back  to  prevent  piling  up  the  paint  near  the 
edges  of  the  w^rk,  which  causes.sagging.'Start  at 
the  top  of  a  surface  and  work  down,  and  cover 
the  last  old  lap  with  about  half  of  your  new  lap. 
If  you  follow  this  procedure,  your  pairit  will 
uniformly  cover  the  entire  surface. 

Do  not  apply  the  paint  too  thickly.  In  the 
firjJt  place,  a  thick  coating  wUl  not  be  as  durable 
as  several  thin  coat^econdly,  a  thick  coating 
will  sag  or  actuallj^^p  off  the  surface,  wliich 
will  destroy  the  appearance  of  your  paint  job. 

When  each  part  is  painted,  hang  it  in  the 
oven  or  in  a  protected  area  for  air  drying;  Even  a 
space  as  clean  as  the  optical  shop  will  have  some 
dust  or  lint  in  the  air.  If  these  foreign  parhcles 
end  up  on  a  painted  surfiice,  you  may  have  to 
start  all  over  again.  ^ 

After  you  finish  a  paint  job  with  a  spray  * 
gun,  wipe  any  paint  out, of  the  vent  hole  for  the 
paint  cup.  You  can  hang  th^  gun  up  with  paint 
in  it  if  it  \i  to' be  used  several  moreJim^s  durihg 
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the  day.  At  the  end  of  the  day'  or  if  the  gun  wiU 
not  be  used  again,  completely  disassemble  the 
gun  and  wash  all  parts  in  lacquer  thinner.  Then 
dry,'  lubricate,  and  reassemble  it  so  that  there 
will  be  no  delay  when  you  start  the  next  day's 
work. 

*  BAKING  PROCEDURE 

Always   follow  the   paint  Manufacturer's 
instruction^  on  baking  and  drying  the  paint  that 
you   use.  When  you  do  not  have  specific 
instructions,  a  good  rule  of  thumb  is  to  bake  for 
,    2  1/2  hours  at  250° F. 

When    you    intiend  'to  paint   and  bake 
.  instrument. parts,  remove  all  masking  tape  before 

•  you  put  the  parts  in  the  oven.  If  you  cannot 
remove  the  tape  before  you  bake  the  parts, 
remove  it  immediately  upon  taking  the  parts  out 
of  the  oven.  This  is  also  a  good  time  to  apply 
engraver  filler,  commonly  called  MONOFILL  (a 
soft,  wax-base  compoU^d  generally  in  crayon 
form)  to  fill  in  and  accentuate  engraved  iriex 
lines  and  number*.  While  the  part  is  hot.Wie 
filler  flows  easily  into  an  engraving.  When  the 
part  cools,  wipe  off  the  excess  filfer  with  a  soft 

'cloth. 

FINISH  DEFECTS 

Following  h  a  list  of  (Jifficultics  sometimes 
experienced  in  spray  painting,  with  the  reason 
for  each  difficulty  given. 

FINISH  REFUSES  TO  DRY.  You  neglected 
to  remove  the  oil  and  grease  from  the  metal 
surfaces  of  your  work^  or  from  your  air  supply. 

FINISH  SHOWS  OCCASIONAL  ROUGH 
SPOTS:  There  was  too  much  dust  or  lint  in  the 
air  or  on  the  piece  being  paii^ed. 

FINISH.  HAS  SMALL  CIRCULAR 
MARKIjs(pS:  There  was  watjfcr  in  the'^hose  or 
water  dripped  or  condensed  oh  ^he  work  before 
it  was  com{^letely*dry.  ) 

FINISH  SHOWS  HORIZONTAL  STREAKS, 
Your  spray  w)is  too  fine  and  the  last  lap  had 
started  to  <Jty  before  you  applied  the  next  one, 
or  you  fofgot  to  cover  half  of  each  old  lap  with 
the  following  lap  (common  with  lacquer).  . 

FINISH  IS  UNIFORMLY  GRAINY:  The 
•pray  was  too  fine,  or  you  held  the  gun  too  far 


r 

irom  the  work,  and  the  droplets  began  to  dry 
before  they  hit  the^work 

THE  FINISH' HAS  LUMPS  OR  BLOBS:  The 
spray  gun  or  air  line  was  dirty  or  you  forgot  to 
strain  th^paint. 

'THE  FINISH  RUNS:  Tlie  consistency  of^e 
paint  was  \oo  thin. 

THE  FINISH  SAGS:  You  moved  the  gun 
too  slowly,  held  it  too  close  to _the  work,-Ot_ 


adjusted  the  gun  improperly.  Generally,  the  coat 
was  too  Keavy. 

THE  FINISH  SHOWS  ORANGE-PEEL 
EFFECT:  Tlie  consistency  of  the  paint  v?as  too 
thick,  your  spray  was  too  fine,  and  you  held  the 
gun  too  ffer  from  the  work. 


LENS  CLEANING 
AND  CEMENTING 

The  Navy's  standard  for  cleaping  optical 
element?}  is:  OPTICS  MUST  BE  CLEANED  TO 
ABSOLUTE  PERFECTION. 

Bear  in  mind  that  an  optical  mstrument  with 
components  of  the  highest  quality,  Arranged  in 
the  best  design  possible,  is  of  little  or  no  value  if 
vision  through  it  is  obscifted  by  dirty  optics. 
This  statement  does  not  mean  grime  or  mutfi  IT 
MEANS  THE  SMALLEST  VISIBLE  SPECK  OF 
DUST.  Even  a  speck  pn  a  reticle  may  obscure 
some  detail  of  an  image,  and  a  fingerprint  dr 
filnf  o^oil  will  most. likely  blur  the  overall 
,  image. 

^  For  the  reasons  just  givetj,  you  must  learA 
the  proper  technique  for  cleaning  optics,  and 
you  must  then  apply  them  with  patience,  caw, 
^d_thorQughness.4Cnowledge-ot^rae€durerPl  US 
appreciation  for  quality  work,  will  enable  you  to 
attain  the  absolute  perfection  required. 


CLEANING  EQUIPMENT 


The  equipment  you  need  for  cleaning  optical 
elements  includes  a  rubber  or  metal  bulb 
syringe,  several  small  camel  hnir  brushes, 
medically  pure  acetone,  lens  tissue  (soft,  lintless 
paper),  absorbent  cotton,  wjooden  swab  sticks, 
stoppered  containers  for '  acetone,  and  a 
container  to  keep  the  cotton  absolutely  clean. 
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Pure  alcohol  is  Wmetjine$  used  as  a  piicleaner 
(before  iising  acetone).  To  this  list  you  may  alio 
wish  to  add  a  special  lint  less  cloth  for  clean|||| 
optics,  the  bist  type  of  which  is  SELVYT 
CLOTH.. 

You  can  make  a  lens-cleaning  swab  with 
cotton  or  lens  ^ssue.  To  makp  a  cotton  swab, 
use  the  end  of  f  wooden  swab  stick  to  pick  up 
the  top  fibers  of  the  cotton.  Thrust  the  stick - 
ilno  The  mapTaT  aiW  rotate  the^^^ 
fibers  catch  on  ituthen  pull  tl^c  caplured  fibers 
loose  from  tha  mother  material.  Repeat  tl^s 
process  as  often  as  necessary  until  you  have  a 


swab  of  deairdd  size.  Shape  th^^^ab  by  rotating 
it  against  a  clean  cloth  or  lens  tissue, 

CAUTION:  Dd  NOT  touch  the  tip  of  the 
swab  wit|»  your  fingers  or  lay  it  down  on  the 
bench  top  where  it  wilf  pick  u^  dirt.  Do  NOT 
;ufe  commercial  cotton-tipped  swabs  (Q-t^)s); 
I  they  use  an'  ac^hesive^  that  acetone  dissolves. 
^  Figure  7-20  shows  the  step  by  step  procedure 
for  making  a  swab  out  of  lens  tissue.  Swai)s 
made  in  this  manner  are  useful  f6r  picking  up 
indiviijluai  speoks'of  dirt  froq^  a  lens  or  reticle, 
using  acetone  as  a  cleaner.  Make  a  supply  of 


ARROW  SHOWS.OIRECTION  TO  FOLD 
END 


PEG.  WOOD 
SUCK 


METHOD  FOR  OBTAININOA  ViDE 
CHISEL  TIP  ON  END  OF  SWAB 


SWAB  TIP 


Figuri  7-20.-Pr<M«du^'f  or  making  •  itni-tlMUt  tmh. 
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leits-tissuc  strips  for  fabricating  "swabs  by  cutting 
a  packet  of  4  X  6-irKh  lens  -  tissue  down  the 
center  lengthwise  so  that  you  ciIit  remove  the 

•  strips  one  at  a  time. 

Press  the  tip  of  the  round  swab  between  the 
cover  and  the  top  tissue  to  obtain  a  flat, 
chisel-like  cleaning  tip. 

You  caiiunakc  a  large,  usetui  lens  cleaning 
pad  by  folding  two  thicknesses  of  8  X  1 1-lnch 

^leiw  eleaning^  tissue  along  its  length  and  brtngiiig 
the  two  ends  together.  When  you  dimipen  this 
pad  with  acetone,  you  can  clean  a  large  area  of 
glass  (^^lickly  and  effectively. 

CLEANING  PROCEDURE 

The  recommended  procedure  for  cleaning 
optics  Is:  • 

1.  Blow  all  coarse  and  loose  dust  from  the 
,  surface  with  a  bulb  syringe.  Then  brush,  using 

quick,  light  strokes.  Flick  the  brush  after  each 
stroke  to  dislodge  tlie  dust  it  picked  up,  and 
blow  off  newly  looftned  particles  of  dust,  with 
the  bulb  syringe. 

2.  If  the  element'  is  large,  use  several  pads 
of  lens  tissue- dampened  with  alcohol  to  remove 
stubborn  particles  and  oil  film.  Change  cleaning 
pads  or  swab*  frequently  to  prevent  damage  to 
the  optic  by  dirt  or  grit.  Use  a  cotton 'or 
lens-tissue  swab  on  small  optics,  with  alcohol  as 
the  cleaning  agent.  , 

3.  Finish  the  cleaning  of  the  optic  by  using 
a  pad  or  swab,  dampened  with  a  few  drops  of 
acetotie.  to  remove  ti-aces  of  film  remaining 
from  precleaning.  Acetone  will  not  remove 
grease  which  must  be  removed  with  solvent, 
thei)  washed  in  soapy  water,  and  finally  cleaned 
with. alcohol  and  acetone.  \ 


CAUTION:    ACETONE    IS  HIGHLY 
FLAMMABLE;  KEEP  IT  AWAY  FJIOM  FIRE 
AND  HEAT.  Some  special  optical  elements  are 
made  frdm  plastics.  Acetone  will  destroy  the 
polished  surfaces  of  these  elements.  Consult 
.  your    shop    supervisor    or   the  appropriate 
-    technical  manual  to  determine  the  composition 
of  the  optics.  If  you  use  a  swab  or  pad 
.  moistened  .with  acetone   for  more  tlian  20 
seconds,  it  leaves  streaks  or.  watermarks  on  the 
Icna.  Acetone  evaporates  quickly,  and  moisture 
In  the  surrounding  aiV  condenses  in  the  swab  or 


pa«|.  Medically  pure  .  acetone  (triple-distilled) 
leave's  an  optical  surface  perfectly  clean  and  (nt 
of  film  when  used^  described. 

4.  As  you  clean  an  optic,  swab  lightly  in  a 
straight  line  rpotlon,  when  possible,  and  work 
from  the  center  to  the  edges.  If  ydu  lift  a  damp 
swab  from  the  surface  of  an  optic,  it  will  leave  a 
smudge.  If  your  acetone  or  svvab  is 
contamTnaW,-  it  will~leave  streaks.  Avoid 
excessive  rubbing,  since  this  could  Cause  the 
element  to  become  charged  with  static 
electricity.  If  an  optic  is  charged,  lint  from  the 
swab  or  lens  tissue  cannot  be  removed.  The  only 
remedy  is  to  wash  the  element  in  warm  soapy 
water.  * 

Figure  J-'^l  shows  the  recommended 
method  for  holding  a  Ifens  and  swab.  To  hold 
smaller  lenses  for  cleaning,  you  should  use  a  lens 
chuck  (fig.  7-13)  or  a  retaining  ring  of  the  same 
diameter  as  the  lens.  Holding  the  lens  with  a 
chuck  or  retaining  ring  will  reduce  the 
possibility  of  contaminating  the  swab  with 
perspiration  from  your  fingers. 

5.  When  you  .tliink  an  optic  is  clean> 
examine  it  in  a  ^i^ng  Jight  and  check  for 


•  137.191 

FIgurt  7-21.-Cliahlng  •  lent  with  •  cotton «w^b. 


ERIC 


7-37 


i96 


OPTICA LM AN  3  &  2 


smuttges  and  streaks.  Reclean  if  necessary. 
Sometimes  a  smudge  is  caused  by  fungus~growth 
on  the  glass.  Tljis  can  be  removed  by  rubl)ing  the 
affected  area  witli  a  soft  cloth  dipped  in  a  paste 
of  precipitated  chalk  9r  even  cigarette  ash.  Rub 
just  enough  to  remove  the  fungus.  Do .  not 
remove  more  of  the  magnesium  fluoride 
coating  than  necessary. 

6.  If  you  arc  satisfied  that  an  element  is 
f>eFfeetfy  ^leaft,  wrap  it  in  lens  tissue  untrf  you 
are  ready  to  reassethble  the  instrument. 

CEMENTING  EQUIPMENT 
AND  iMATERIALS 

When  a  lens  requires  receriienting,  set  up  ail 
the  equipment   that  you  need    in   a  clean,- 
convenient  area.  In  addition  to^the  ntaterial  for 
cleaning  the  lens,  you  will  ne«d  a  lens  centering 
machine  or  two  matched^  V-blocks,  an  electric 
hotplate  with  controlled  heat,  sheet  asbestos  to 
cbver  the  hotplate,  black  paper,  a  rubber-tipped 
tool,  tongS  or  brass  tweezers  for  handling  warm  ' 
optics,  a  small  glass  bell  jar  or  similar  cover  for  * 
the  optical  elements,  and  Canada  balsam  or 
other  approved  lens  cement.  Canada  balsam  is 
usually  available  in  prepared  form  in  metal 
tubes,  through  Navy  supply  channels. 

Most  lenses  with  a  diameter  over  2  1/2 
'inches  are  not  cemented  together;  they  are 
air-spaced.  The  elements  of  thp  lenses  are  made 
of  glass  with  different  rates  of  expansion  which 
causes  separation  of  the,  cement  during 
temperature  changes.  Some  large  lenses  are  also 
ground  with  diffbrent  curvatures  on  their  mating 
surfaces,  which  makes  joining  by  cement 
impossible. 

The  reasons  for  joining  the  elements  of  a 
lens  by  cement  are: 

1.  Cementing  keeps  the  elements  optically 
aligned. . 

2.  Cementing  reduces  the  number  of  glass 
surfaces  exposed  tQ  the  %ir,  which  serves  the 
same  purpose  as  a  film  on  optics-to  reduce 
surface  reflection  and  improve*  light 
transmission.  Since  the  index  of  refraction  of 
Calkda  balsam  is  about  the  -same  as  that  of 
crown  glass,  there  is  practically  no  reflection 
when  two  croVn  glass  elements  are  cenlented, 


together,  and  very  little  reflection  when  a  crown 
glass  is  cemented  to  flint  glass. 

-  3.  Because  a  soft  glass  (hytjroscopic)  has 
special  optical  properties,  a  lens  designer  may 
sometimes  desire  to  use  it.  This  type  of  glass, 
however,  is  unstable  and  quickly  deteriorates 
when  used  alone;  but  it  can  be  used 
satisfactorily  when  cemented  in  place  between 
two  STffble  elemenTs. 

You  will  occasionally  find  a  lens  doublet 
(generally  From  agunsight)  that  will  not  separate 
when  heated.  If  the  elements  of  a  compound 
lens  do  not  separate*fet  a  temperature  of  300° F, 
they  were  probably  cemented  together  with  a 
thermosetting  plastic,  which  a  manufacturer 
sometimes  uses  for  two  reasons:  (I)  Jit  resists 
temperature  changes  better  than  balsam,  and  (2) 
it  speeds  up  lens  production. 

When  you  have  jreason  to  believe  that  lens 
elements  have  befen  secured  together  with  a  ' 
thermosetting  plastic,'  check  the  lens  under 
ultraviolet  light  ,  for  FLUORESCENCE.  If  the 
cement  between  the  elements  is  a  thermosetting 
type,  ther.e  will  be  little  or  no  fluorescence;  if 
the  cement  is.  balsam^  you  will  see  a  definite. 
Hazy-white  fluorescence.  Whert  in  doubt  about 
the  cement  used  in  lenses,  consult  your 
supervisor.  ^ 

♦ 

Separating  Cemented  Elements 

r 

Turn  your  hotplate  on  LOW,  or  set  it  for 
300**  F,  and  place  a  piece  of  3/8-inch  asbestos  on 
top,  over  which  you  place  a  piece  of  black  paper 
which  serves  as  a  temperature  indicafor.  Put  the 
lens  on  the  pfiper  and  cover  it  with  the  bell  jar  or 
cardboard  box.  Watch  the  black  paper  for  signs 
of  scorching,  whifch  shows  that  the  hotplate  is 
too  hot  and  more  asDestos  is  needed  y  or  the 
temperature  should  be  Ked viced. 

Wiien  thfe  lens  is  hot  enbugh  (between  275* 
and  SOO^'F),  gently  slid^  the  elements  of  the  lens 
apart  with  your  rubbe^tipped  tool  and  allow 
them  to  cool  slowly.  When  the  temperature  of  . 
the  separated  elements  is  approximately  equal  to 
that  of  the  room,  remove  old  balsahi  from  them 
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with  alcohol,  and  then  clean  then^  thoroughly 
with  acetone.  If  the  elements  do  not  separate  at 
aOO'^F,  tin*  lens  is  probably  cemented  with 
thermosetting  plastic.  A  singltvedgc  razor  blade 
inserted  -between  the  elements  will  usually 
separate  them,  and  acetone  will  clean  otT  the 
plastic  cement. 


Recenientinl 


Put  the  clean  lenses  on  the  hotplate,  with 
the  surfaces  to  Ije  cemented  together  facing 
upward.  Inspect  them  for  dust  or  dirt  which 
may  have  fallen  on  them  snice  they  were 
tieaned,  cover  with  the  bell  jar,  and  turn  on  the 
hotplate. 

When  the  elements  are  hot  enough,  put  a 
little  balsain  on  the  concave  element,  pick  up 
the  positive  element  with  yottr  tweeters,  and 
join  the  two  elements.  Then  use  your 
rubber-tipped  tool  to  work  the  top  element  over 
the  lower  one  as  much  as  necessary  to  squeeze 
out  all  air  bubbles.  The  black  paper  on  the 
hotplate  makes  air  bubbles  in  the  elements 
appear  briglit. 

Use  the  lens-cenlering  instrument  (fig.  7-22) 
to  center  (align  optical  axes)  the  elements.  This 
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instrument  consists  of\  upper  astronomical . 
telescope  with  a  crossliti(e  and  focusing  eyepiece  * 
and  a  lower  collimator  telescope  mounted  on  a 
comjnon  strfnd.  Tlie  objective  lens  of  one 
instrument  faces  the  ojbjdctive  lens  of  the  other 
instrunient.  The,  crossline  mounf  of  the 
collimatpr  telescope  moves  in  a  threaded  mount, 
which'  enables  you  to  bring  the  image  of  its 
cro^ine,  into  -focus  with  the  image-  of  tlie— 


astronomical  telescope,  regardless  of  the  size 
lens  mounted  betweetf  the  telescopes.  A  lerts 
chuck  on  the  lower  telescope  grips  ti^  element 
being  centered.  The  entire  lower  telescope  can 
be  freely  rotated  to  check  for  eccentricity.  To 
save  time  when  centering  a  cemented  doublet, 
you  should  place  the  lens  in  t.he  centering 
instrument  and  focus  the  two  telescopes  pripr  to 
separating  the  lens.  ^ 

Heat  the  chuck  jaws  with  a  small  torch  or  a 
hot  piece  of  metal  and  then  transfer  the  hot  lens 
to  the  chuck.  NOTE;  Cold  chuck  jaws  may 
crack  one  or  both  eleinents  of  the  lens.  Mount 
the  hot,  f^eshly  cemejited  lens  in  the  warm 
chuck,  which  grips  ONLY  the  negative  elements 
of  the  lens. 

Sight  through  the  eyepiece  while  you  rotate 
the  lower  tfclescope,  and*  observe  the  eccentric 
movement  of  the  lower'  crosslinp.  Move  the 
upper  element  of  the  cemented  lens  over  the 
lower  one,  as  necessary,  to  remove  all 
eccentricity  as  the  lower  telescope  is  rotated. 

The  insert  in  figure  7-22  shows  the  crossline 
pattern  of  the  two  telescopes.  The  plain  diagonal 
aossline  is-|he  image  from  the  lower  telescope. 
This  crossline"  must  stay  within  the  small  circle 
as  the  lower  telescope  is  rotated;  however, 
perfect  coincidence  is  more  desirable. 

Allow  the  lens  to  eool  for  a  few  minutes  in 
the  machine  and  recheck  the  alignment,  remove 
the  ^asbestos  sheet  from  the  hotplate,  and  place 
the  lens  on  the  asbestos  sheet.  Then  cover  the 
lens  with  the  bell  jar  (or  box)  and  allow  the  lens 
>  adequate  time  for  cooling.  When  cool,'  remove 
the  shell  jar  and  scrape  excess,  balsam  from  the 
edge  of  the  lens  with  a  razor  blade,  after  which 
the  V  lens  is  ready  for  final  cleajning  and 
inspection. 

NOTE:  If  you  do  not  have  a  lens-centering 
machine,  use  V-blocks  iii  the  following  manner 
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to  aligii  the  optical  axes  of  u  compound  lens: 
Heat  the  V-blocks  on  the  hotplate  while  you  are 
cementing  the  lert's  elements.  When  you  have  the 
elements  joined,  slide  the  V-blocks  against  tjie 
edges  Qf  the  lens  from  opposite  directions.  Then 


turn  off  the  hotplate,  cover  the  lens  and 
V-block*,  and  allow  the  combination  to  cool 
simultaneously.  NOTE;  JBlements  whose 
diameters  differ  cannot  be  cemented  in- this 
manner. 
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MAINTENANCE' PROCEDURES— pArT  II 


REASSEMBLY 


Now  that  yon  have  done  the  essentuil  repairs 
to  inslrunient  partrv,  the  necessary  relniishing, 
the  required  cementing  o(  optical  elements,  and 
everything  is  perfectly  clean,  you  are  r^ady  lo 
reassemble  the  instrument. 

[(  you  have  accomplished  your  repair  and 
overhaul  welK  reassembly-  will  be  siDooth  and 
easy.  Unless  you  know  t,he  ins.trmiient  on  which 
you  are  working  very  welK  IpWov^  a  reassembly 
sheet Because  Teassembly  indifferent  for  each 
instrument,  no  set  procedure  can  be  given  in  this 
qumual.  The  reassembly  tips  presented  in  the 
next  few  page's,  however,  will  be  helpful. 


RePLACING  LENSES 


Before  mounting  lenses  in  their  cells  or 
mounts,  you  must  be  sure  that  all  dirt  and 
foreign  matter  has  been  cleaijed  from  the  cell.  If 
the 'interior  of  the  cell  is  particularly  long  or 
hard  to  clean.,  you  cfm  remove  most  particles  by 
this  simple  method:  First,  cover  the  Open  ends 
of  the.cell  with  masking  tape.  Then  with  the  cell 
held  ih  an  upright  position,  tap  pn  the  exterior 
with  a  small  2-  or  3-ounce  ttber  mallet.  The  dirt 
will  loosen  from  the  cell  and  drop  to  the  end  of 
the  cell  where  it  will  stick  to  the  tape.  You  can 
use  this  procedure  also  on  large  body  tubes  and 
castings. 

All  of  your  clean  opt'ics  should  have-'been 
wrapped  in* lens  tissue.  When  you  unwrap  lenses,, 
prior  to  replacement  in  thvir  mounts,  you  will 


usually  find'  a  few  pieces  of  lint  from  the  lens 
tissue  adhering  to  the  lenses.  Blow  this  lint  off 
with  an  air  bulb  before  replacing  the  lens  in  its 
jnount.  If  you  are  replacing  an  objective  lens  or 
eyelehs,  make  sure  the  gasket /is  properly  in 
posftt4Mi  in  the  mount  to  maintain  the  seal. 

To  avoid  putting  fingerprints  on  the  edge  of 
a  lens,  hold  the  lens  on  its  retainer  Ting  or  use  a 
lens  chuck  as  you  insert  'the  lens  in  the  mount. ^ 
Be  jure  the  lens  is  facing  the  proper  direction^  or 
you  will  have  to  disiissemble  the  instrument 
later.  The  lens  must  be  fully  seated,  without 
being  cocked,  and  the  retainer  ring  must  be 
snugly  tightened,  If  the  retait\er  is  loose, 
collittiation  will  he  impossible,  and  the  seal  may 
not  hold.  If' the  a^tainer.  is  too  tight,  there  is  the 
risk  of  distortion  or  cracking. 
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REPLACING  PRISMS 


After  you  assemble  all  lenses  in  their  cells 
and  mounts,  assemble  the  prisiYi  clusters,  or 
prism  mounts  (if  any).  $ecure  the  prisms  in  their 
mounts  by  straps  and/or  collars,  wju\h  must  fit 
snugly  enough  \p  hold  the  prisms  but  not  so 
tight  that  they  may  cause  strain.  A  colkir  should 
fit  over  a  prism  with  a  slight  press.  If  The  fit  is 
too  tight,  strain  and  breakage  UvSually  result:  if 
the  fit  is  too  loose,  the  pristn  may  shift  position 
and  throw  the  instrument  out  of  adjustment. 

When  you  assemble  a  porro  prism  cluster, 
^leck  the  assembly  for  lean  before  you  put  it 
mtojhe  instrument.  In  a  prism  erecting  system, 
lean  results  when  the  pristns  are  not  oriented 
exifgtly  90^  to  each  otfier.  Figure  8-1  shows  how 
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•FIgurt  8-1.-Pmrro  priim  duitttr  tqiuiring 


leQfii|appears.  Any  deviation  from  a  perfect  90° 
orieiiTtatlon  will  result  in  twice  the  amount  of 
deviation,  as  you  view  a  target  through  the 
cluster.  . 

Various  adjustments  are  provided  on  prism 
plates  to  remove  lean.  SorngJlTave  collars  which  ~ 
fit  the  prism  tightly.  These  collars  have  four 
oversize  holes  for  the  securing  screws,  which 
allow  slight  movement  in  any  direction.  Others 
use  eccentric*  washers,  or  tapered  washers  which 
bear  against  the  edges  of  the  prism. 

When  you  assemble  porro  prism  clusters, 
place  the  prism  in  Ijhe  center  of  Amined  out 
depression  in  the  prism  plate,  tighW>  the  strap 
over  the  top  of  the  prism,  then  snug  the 
adjusting  screws.'  Bfe  caref\»l  not  to  touch  the 
polished  surCj|ces  it  any  time  while  adjusting  a 
prism  cluster.  < 

to  remove  lean  from  a  prism  cluster,  look 
through  the  cluster  with  one  eye  and  at  a 

.'  prominent  vertical  or  horizontal  referbnce  (such 
•s  a  $tdnchion»  door  H'amc,  or  graph  paper)  with 
the  other.  By  shifting  one  prism  slightly,  you 
can  align  the  inverted-reverted  teference  you  see 

^  through  the  cluster  with  the  normal  reference 
you  see  with  your  other^yc.  This  pfocedure  will  ^ 

•  re^uire^  some  practice  since  you  must  train  your 
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^yes  to  see  two  different  objects  at  the  same 
time.  If  adju.sting  one  prism  does  not  remove 
lean,  you  may  have  to  adjust  the  other  prism  or 
reverse  a  prism  on  the  prisn)  plate.  After  lean  is 
removed,  tighten  the  prism  strap  check  to 
be  sure  the  adjusting  screws  are  tight. 


 Puriag-asscinbULand-adjustment-of  a  prisnv 

cluster,  it  is  easy  to  cock  a  prism.  You  can 
remove  lean  with  a  cocked  prism,  but  the  prism 
may  chip,  deviating  the  line  of  sight  through  the 
cluster  too  much  to  allow  collimatlon. 


ASSEMBLING 
MECHANICAL  PARTS 

*As  you  assemble  parts  in  an  instrument,  be 
sure  to  match  all  assembly  marks;  otherwise, 
you  will  need  to.  disassemble  the  instrument, 
make  corrections,  and  reassemble  it. 

Chfeck  each  part  as  you  reassemble  it  fpr  . 
fVagments  of  foreign  matter  clinging  to  it.  Each 
part   MUST  BE  IMMACULATELY  CLEAN 
before  you  assemble  it  in  the  instrument.  Keep 
.  openings  to  the  interior  of  the  instrument  closed  * 
with  masking  tape,  and  remove  it  only  when  you  " 
must  make  additional  installations.  Follow  this 
procecKire  as  you  reassemble  each  part,  until  you  '  . 
make  the  final  closure.  ^ 

As  you  replace  components  and  parts  in  an 
instrument,  try  to  Work  from  the  top  downward 
to  prevent  unnecessary  work  over  an  optical 
element,  and  perhaps  damage  to  it. 

Do /not  forc^  a  part  into  place  in  an  optical 
instrument;  use  a  light  press  with  your  fingers.  If  ' 
a  part  must  be  fitted  in  position  by  force  it  must 
be  done ,  in  accordance  with  specifications.  If  ' 
there  is  a  bind,  detetmine  the  citiSe.  , 

You  can  make  some  adiustment  to  parts  ai^ 
you  assemble  them  in  an  initrupient.  Whenever 
possible, ,  these  adjustments  should  be  made 
during  collimatipn.  In  some  instances  an 
adjustment  is  impossible  after  reassembly 
be<^use  of  inaccessibility  of  parts. 

Thre&ds  on  iretlrlnlng '  rings,  lens  mounts, 
caps,  screws,  and  setscrews  are  extremely' fine 
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and  can  be  cross-threaded  easily,  Whot\  yoii 
assemble  them,  turn  in  a  counterclockwise 
direction  unjil  Ihe  threads  snap  into  place;  then 
(urn  clockwise..  ' 

Lubricate  components,  as  ^necessary,  with 
approved  lubricants  during  assen^bly.  Use 
lubricants  sparingly  j/ou  Ji\o  not  want  to 
contaminate  an  othi^rwise  clean  optic  with  a 
«»"«<*8C"^*^«reire^!-  ttss  an  ahTTseize  compound  on 
external  screw  threads  and  threaded  portions  of 
body  tubes.  Silicone  grease  is  an  excellent 
antiseize.  Jt  will  not  melt  or  run  and  it  will 
■prevent  corrosion.  Do  NOT  use  atiy  grease  on  a 
lens  retainer  ring.  ,    ^  ' 


COLLIMATION 


One  of  the  final  steps  in  overhaul  and  repair 
of  an  optical  instrument  is  collimation,  which  is 
the  alignment  of  the  optical  a.xis  of  the 
instrument  to  its  mechanical  axis.  In  simpler 
terms,  collimation  is  directing  all  the  lenses  in  an 
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optical  system /-tfi  such  manner  that  they 
coincide  with  eich  other  in  a  straight  line  and 
parallel  to  the  r^iechantcal  axes  of  the  bearing 
surfaces  (telescope's  mounting  pads,  for 
extunple).  Collimation  also  consists  of  adjusting 
the  focus  of  individual  lenses  and  a.ssemblies  so 
that  the  target  (and  crossliiK  tf  included)  will  be 
\f^  perfect  focus.  \ 

COLLIMATION  EQUIPMENT 

# 

Collimators  are  precision,  instruments  (with 
both  optical  and  mechanical  element^)  which 
provide  an  infinity  .target  suitable  for  use  in 
aligning  and  adjusting  the  optical  and 
tiu'chanical  components  of  optical  instruments 
so  that  they  will  perform  accurately. 

ATTFiougii'  coljimators  may  Vary  in  design 
and/or  construction,  they  all  operate  on  the 
same  principle.  Figure  8-2  shows  the  Mk  4  Mod 
0  colli m'ator  used  on  small  telescopes,  gunsiglits, 
and  navigational  instruments.  It  has  a  steel  base 
several  feet  long  with  a  precision,  flat  beariiig 
surface  machintd.on  its  entire  top.  A  keyw^ty  is 
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cut  down  (ho  cTiiter  of  the  bearing  siirfaco,  as 
shown/ lor  aligning  sii[>pOrt  fixtures. 

The  collimator  telescope^  is  sociired  to  the 
bearing  surlacc  on  a  V-4)lock  support  with  two 
square  keys  holding  the  coJIinuUor  telescope 
support  in  alignment  with  the  base.  The 
colliiiKitor  telescope  can' be  rotated  by.luind  to 
change  the  orientation  of  the  cro.ssline.* 


Figure   H-.\  shows  two '  luixilinry  support 
fixtures  which  arc  used"  with  the  Mk  4  Mod  0  ^ 
cx)Uimator.  The  fixtures  differ  because  of  the 
physical  configurations  of  thc)[^teloscopes  lor 
wliich  they  rare  designed,  yet  both  fixtures  fit< 
•the  Mk  4  Mod  0  colliniator. 
•    Figures  8-4  and  8-5  show  two  entirely 
different  collimators  used  to  align  hand-hdi 
bifiocniais,  I  hi-  niountm^  stand  sliown  iaiigure  
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Figurt  8-^.-Mk  latbindoular  collimator. 
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FlfKirt  ••t.-Tf  It  inttruriMnt  mounting  itind. 


8-6  lits  the  Mk  5  collimator vyhich  it  adapts  to 
biiK)ciilup?>.  j;oxt:mts,  am!  stadime'krs.  The  Mk  13 
coigiiijitor  svijl  accept^  only  binoculars.  The 
oi^ticaUystcm  of  the  Mk*  1 3  collimatar  is  shown* 
•  in'ngi")rtr8*7.  \  •  - 

Large  tilting- prisniitn^ghts 'arc  colHmated 
•on    the  \Mk"9  •  coll1nV»ibr   (fig.    8-8).  TJlis 
instrument  ts  rather  large  and  hulky,  since  H  is 
designed  to  accept  large  ^ijun&ights,  but  it  ik  a 
_ver->L-j>Ftf^isioH-if>sfmment7^e-sapport  plmr 

which  can  be  cptated,  Ifas  numerous  tapped 
wholes  which  are -used  to  secure  a  variety  of 
telescope  supports  that  hold  all  types  of 
gunsights  Notice  tl^e  double  bank  of  collimator 
tele^s^opes  This  featlirv  allows  the  collimation  of 
both  single  eyepiece  and  binocJUIar  type  • 
gunsights:  These  4  collimator  telescopes  are 
•Tjounted  at  -25°.  0^;  +^5^  and.+90*'  so  that 
giinsights  can  be  adjusted  through  the  full  range 
of  elevation  and  depression.. 

The  collimator  telescope  used  on  the  Mk  9 
collimator  is  shown Jn  figure  8-9.  It  is  normally 
used  with  the  mirror  (to  reflect  light  and 
Jlluminate  ;he  crosslinb).  For  speciaJ  purpbses; 
such  as  establishing li-jtrue  line  of-sight  between 
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two  collimator  telescopes,  it  Is  available  .with  an 
eyepiece.  .    *  • 

For  further  information  on  cblUniators, 
wnsult  OP  1417.  Collintators  for  Optical 
Instnmtents.  • 

Collitnatioi^  of  submarine  periscopes 
presents  two  unique  problems  the  length  of  the 
_in&!riimeiits_and--the— need— foi-^^tn-«tyustiible- 
target.  Figure  8,-lOA  ' shows  the  collimator 
mounted  in  .the  horizontal  position  on  the 
periscope  .rail.  Part  B  of '  figure  8-10  shows  a 
doseup  or  the  collimator.  The  periscope  rail 
shown  Is  about  45  feet  long.  The  sliding 
V^blocks  support  'the  iwriscope  to  prevent 
sagging  of  the  tube* 

Of  all  the  tools  you  will  use  as  ^an 
Opticalman.  the  auxiliary  telescope  is  the  most 
common  for  adjusting  most  of  the  instruments 
for  which  you  are  responsible. 


Auxiliary  Telescope 


Figure  8-1  \  illustrates  the  auxiliary  tal^scope 
with  a  rhomboid  prism  jittachraent.  With  this 
attachment  you  can  look  through  An  instrument 
and  see  a  magnified  im^goof  a  collimator,  while 
at  the  same  time  you  can  see  a  reduced  image  of 
the-coiiimfltor  superimposed  on  the' main  line  of 
sight.  The  rhomboid  prism  attachment  ^lips  over 
the  objective  end  of  the  auxiliary  telescope- 
when  needed. 


The  auxiliary  telescope  Is  "a  three-power 
astronomical  teldscope  (inverted  reverted  image) 
with  a  focusing  Kellner  eyepiece.  Its  main 
purpose  is  to  correct  for,  and  neutraliEe. 
inherent  eye  defects  you  m^y  have  and  to 
slightly  magnify  so  that  you  can  adjust  an 
optical  system  more  accurately. 


f  i«uri  ••10,-NriMopt  Mlllmatpr  tml  rtlt. 


1  > 


84 


148.283(264) 


Chuplcr  8  MAINTENANCE  PROCEDURES  PART  11  . 


RHOMBOID  PRISM. 
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AUXILIARY  TELESCOPE 


Figurft  8-11  .-Auxiliary  telescope  Mk  1  with  rhomboid  priim  ettechment-cutewey* 
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To  dotermino  the  dioptric  setting  of  your 
eyes,  focus  the  auxiliary  telescope  from  plus  to 
minus  on  an  infinity  targets  or  on  a  collimator 
telescope  crosslimLiintil  the  image  is  sharply 
defined.  For  best  re^tilts.  take  five  readings  and 
use  the  reading  which  jiippears  most  during  the 
readings.  Remember  lo  keep  your  eyes  relaxed 
while  focusing. 

After  you  get  this  dioptric  setting,  do  NOT 
change  the  focus  until  you  check  your  setting 
again  to  adjust  forVye  fatigue  or  strain. 

You  can  use  a«  <iuxiliary  telescope  for  the 
following  collimation  operations: 
•,  • 

1.  To    set    focusing    eyepieces    to  the 
NORMAL  or  ZERO  diopter  setting.  ^  ^ 

2.  To  set   fixed-type  eyepieces  to  their 
required  diopter  setting. 

3.  To   check  for  and .  aid '  in  removing 
parallax  in  an  instrument! 

The  auxiliary  telescope  increases  th^accuracy  of 
these  adjustments  by  a  factor  of  three.  !f  you  are 


adjusting  ,  a    six-power    instrument  with  an 

auxiliary,    the    final  .  magnification  of  the 

coUimator  image  wil^  be  I8X.  (3X  auxiliary 
nuiltiplied  by  6X  telescope). 

NOTE:  Alwliys  use  an  auxiliary  telescope 
during  collimation  procedures.  ^ 


LLIMATOR  ADJUSTMENT 


Alignment  of  a  collimator  serves  two 
purposes.  It  establishes  parallelism  between  the 
base  and  the  optical  line  of  sight,  and  it  sets  up 
the  collimator  to  correspond  with  alignment 
specifications  for  the  instrument  boing 
collimated.  ^ 

Figure  8-12  -shows  the  Nik  4  Mod  0 
collimator  and  the  equipment  necessary  to 
square  the  collimator  crossline.  Light  leaving  the 
collimator  is  parallel.  An  auxiliary  objective  with 
a  10-  to  15-inch  focal  length  is  placed  near  the 
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collimator.  An  adjustable  auxiliary  eyepiece  is 
•  iKwitloncd  behind  the  auxiliary  objective  so  that 
you  ciui  see  a  «hafp  image  of  the  collimator 
crossline.  Now  place  a  machhilst's  square  in  the 
image  plane  of  the  auxiliary  objective  You 
.  should  see  the  collimator  crojjsline  and  Vhe  edge 
or  the  rtiachinist's  square  in  sharp  focus,  pimply 
rotate  the  collimator  telescope  to  aligh  the 
vertical  line  with  the  edge  of  the  square.  No 
further  alignment  is  necessary  on  the  Mk  4"^ 
collimator. 

Some  collimators  must  be  aligned  with 
special,  single-purpose  equipment.  Others  can  be 
aligned  to  accommodate  a  variety  of  different 
telescopes  by  using  a  checking  telescope. 

The  Mk  7  checking  telescope  (fig.  8-13)  has 
«  gradiiated  dial  and.  vernier  index  so  that  you 
can  set  the  teles</ope  at  any  angJe  of  elevation  or 
depression.  The  eyepiece  prism  is  fiilly 
rotational  so  that  you  can  comfortably  view  the 

.  target  from  any  position. 

;  sTo  aJigri  a  collimator  using  the  Mk  7 
cNcking  telescope;  mount  the  checking 
^!?^f^?*  the  appropriate  support  fixture,  set' 
tlp^djal  to  the  specified  elevation,  and  adjust  the 

i  «»irijntttpr  leNcopc  to  align  with  the  checking 


telescope.  (T)te  checking  telescope  is  the 
primary. reference.) 

Adjust  the  collimator  immediately  prior  to 
collimating  an  optical  instrument.  In  some  cases, 
you  will  need  to  make  readjustment  during 
collimation  because  temperature  changes  will 
affect  alignment  of  the  collimator. 

COLLIMATION  PROCEDURES 

Colhniation  procedures  vary  for  different 
types  of  optical  instruments.  While  one  type  of 
instrument  may  requirie  several  hours  of 
complicated  adjustment,  another  can  be 
completed  in  a  few  minutes.  You  will  encounter 
situations  when  mal^ng  one  adjustment  will 
change  a  ^previo^e  .^ustment,  and  some 
instrumentTi  will  nee#to  ,  ^ave  subassemblies ' 


collimated  before 
complete  telescope 
you  may  have,  to 
surfaces  to  obtain  pj 
sight; 


u   can   coilimate  the 
tilting  prism  gunsights, 
lim  or  scrape  mounting 
tracking  of  the  line  of 


T»  obtain  detailed  procedures  for 
collimation  of  any  particular  instrument  you 
.must  consult  a  job  sheet  or  technical  mtnuil 
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The  following  geneDnj  information  will  apply  to 
most  ^optical  instruments,  In  the  order  in  which 
It  should  be  performed. 

1 .  Cotlimate  the  collimator. 

2.  Remove  parallax,  r  .  « 
Square  and  superimpose  the  crossline. 

4.  $9t  «ero  diopters. 


Retndval  of  Parallax 

\''    y  '  '  ■    .  "  • .      ■  ■  ■ 

To  check  for  parallax  in  an  instrumeht,  place 
an  auxiliary  telescope  on  the -eyepiece  of  the 
instrurhent,  si|ht  through  the  auxiliary 
telesc<^.,  and  fOcus  the  eyepiece,  of  thd 
ihstfUment  until  the  ftnage  of  the  coliimfitor 
cro^Hne,  or  the  crossline  of  the  Instrurtietit 
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r  conu's  into  view  rjist).  is  sluiiply 
dclincU.  It  pai;i||.i\  is-prosont.  oiio  ot  rtic  two 
crosslinos  will  a)^Mo  into  tbcus  firsi;  if  thoie  is 
no  p:ualhi\.  (n)th  iro^Jvlinos  will  bo  in  lociis  ;it 
tho  same  tnno    To  (.l^'tt-rminc  the  uniount  oC 
parallax.  Iboijs  the  oyopioco  of  the  instriimont  in 
until  tlio  first  crosklmo  is  sharply  ilefinod.  and 
observe  the. diopter  reading  tb  whieh  the  ijidex 
HKirker  |X)ints.  Contnuie  to  focirs  until  the  other 
•  crossHni'       sharpfy  \K'lined  and  observe  ^he 
ponu  of  tho  iiulex  mark  on  the  diopter  scale. 
Also  note  the  luiinDer  of  diopter.s  between  the 
positiorj  of  elarity  of  the  first  crosslink  and  the- 
point  of  clarity  of  the  second  crossline.  If  the 
instrument's  crossline.  for  example,"  can»e  into 
Ibtjus  at  +:  diopters  oirthe  diopter  scale  and  the 
collimator's  crossline  came  .into   focus  at  -3 
diopters  on  the  diopter  scale,  the  total  amount 
of  |)aral.la\  is  5  diopters.  .  < 

If  the  instrument's  crossline  cOnies,  into 
focus  before  the  collimator's  crOssline,  the 
objective  lens  is  too  far  f(^)m  the  crossline.  If  the 
colhmator's  crossline  comes  into  fbcus  before 
the  instrunjent's  crossline.  the  objective  lens" is 
too  close  to  the  crossliny. 

The  probleirv  now,  is  to  place  the 
instrunjcnt's  c^).ssline  in  the  focal  plane  of  the 
objective  lens,  in  one  of  two  ways: 

1.  Move  the  instrument's  crossline  forward 
or  afl^axialJy  until  it  is  in  the 'focal  plane  of  the 
objective  lens." 

2.  Move  the  objective  lens  uivtil  its  focal 
|5lane.  is  in  thv  same  plane  as  the  instrument's 
crossline.  This  method  is  preferred  for  removing  " 
parallax.  The  objective  lens  is  usually  mounted 

in  a  threaded  mount  which  can  be  moved  axially 
along  the  interior  of  the  instrument.  When  the 
objective  lens  moiint  is  moved  any  amoimt.  the 
image  of  the  collimator's  crossline  moves  in  the 
same  d'ireetion  in  the  .same  amount  as  the 
cbjectivclens. 

Jn  .some  instruments  spacers  or  separators 

,    qre  placed  in  front  of.  and  behind,  the  objective 
lens  mount  (not  threaded  externally)  to  allow 

'  for  elimination  of  parallax  by  trial  and  error. 
There  is  NO  tolerance  for  parallax  In  any  optical 
instrument, 

.Continue  adjusting  the  instrument  until  both 
,  crosslines  are'in  perfect  focus- at  the  .same  time. 


S<)UHring  and 

Su|)erimposing  the  Cn),s,sline 

To  sipiaic  tho  instrument  crossline  to  t"he 
.collimator  crossline 

1 .  Loosen  the  crossline  retainer  ring, 

2.  Rotate. the  crossjine  with  a  rubber  tipped 
»   '        togj,  ^  .  -  . 

3    When  the  crosslines  are  aligned,  tighten 
the  retainer. 

The  crossline  may  turn  past  the  desired  position, 
1  his  procedure  can  sometimes  be  quite 
frustrating,  biit  it  must  be  done  carefully  and 
accurately.  As  you  make  adjustments  to  the 
crossline.  it  could  become  siiyidged  or  dirty. 
You  will  have  to  remove  and  clean  the  crossline 
iigiiin,  THi:  CROSSLINK  MUST  BE 
ABSOLUTRLY  CLLAN. 

.  Onco  the  instrument  crossline  is  perfectly 
squared,  and  clean,  stiperimpose  it  on  the 
collimator  crossline.  Instruments  are  designed  in 
a  variety  of  ways  to  accomplish  this  adjustment. 
One  design  is  to  shift  the^  prism  erecting  system 
(whidi  may  cause  lean),  another  is  to  adjust  the 
crossline  lens  mount  (screw  adjusting  mopnt). 
The  most  common  design  'in  the  use  of  an 
eccentric  objective  mount.  With  proper 
manipulation  of  Jhe  eccentric  rings,  you  can 
vary  the  line  of  ||(ht  of  the  instrument  "to  give 
perfect  alignment, 

Hccentric  rings  are  locked  in  position  with 
setserews,  lock  rings,  or  both.  When  you  lock 
the  eccentrics,  your  adjustment  may  be  thrown 
off  sliglitly,  so  be  sure  to  check  it,  If  full  throw 
of  the  objective  is  not'  enough  to  superimpose 
the  two  cros.slineii,  you  may  need  to  shift  prisms, 
recheck  for  lean,  and  try  again,  Wheji  you  have 
difTiculty  superimposing  the  collimator  and 
instrument  crosshnes,  try  the  following 
procedures: 

1,  Check  the  collimator  fflignment, 

2,  Check  the  instrinnent  mounting  surfaces. 

3,  Disassemble  the  instrument  and  look  for  ' 
cocked  lenses,  prisms,  or  mounts, 

,  After  you  have  squared  and  superimposed 
the' crosslines,  recheck  for  parallax. 
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Sfiting  Zen>  Diopteihs         ^  ^ 

Instruments  with  a  tbeusuij^  eyepieee  are  set 
zero  diopters  with  an  aiixihary  Icloscope/so 
that  anyone  using  the  instninKiU  can 
automatically  set  the  eyepiece  al  his  or  her  own 
diopter  setting?  without  wasting  any  .tjnie 
focusing.  During'  reassemhiy  ot  spiral  keyway 
.  eyepieces,  you  will  set  the  index  jnark  at 
nieclianlcal  inidthrow  (zero  diopter  position) 
and  jidjust  lenses  during  colj)rna(io!i  to  establish 
a  perfect  focus  at  zero  dioptei\s. 

lo  set  optical  zero  diopters,  use  an  auxiliary 
telescope  set  to  yo^ir  eye  correction,  and  focus 
the  instrument  heing  tested  until  the  collimator 
is  in  sharp  focus.  NOTI-:  Always  focus  from  the 
plus  side  (out)  to  the  minus  side  (in). 

When  you  removed  parallax,  the  instrument 
.crosslinc  and  collimator  target  weje  in  focus  at 
the  same  time.  This  common  focus  may  not 
correspond  with  the  zero  n)ark  on  the 
instrument  eyepiece,  f  or  iristance,  if  both 
crosshnes  are  in  focus  at  -2  diopters,  the  final 
image, plane  •  in  too  far.  On  the  other  hand,  if 
both  crosslines  are  in  focus  at  -h]  diopter,  the 
final  image  plane  is  out  too  far. 

To  establish  a  perfect  zero  diopter  focus  in  a 
two  erector  telescope,  simply  move  the  rear 
erector  in  the  sarjie  .direction  you  want  the 
image  plane  to  move.  For  instrmnen^S  with  a 
single  erector,  move  the  ereotor  in  the  opposite 
direction  you  want  the  image  to  move 
(remember  the  optical  theory  discussed  in  earlier 
chapters),        .  ' 

In  instruments  without  a^crOssline,  using  a 
prism  erecting  system,  the  focal  length  of  the 
objectiv^i  lens  or  the  axial  positioning  of  the 
objective  lens  will  deternnne  the  zero' diopter 
setting. 

« 

The  collimation  procedures  just  d'iscus.scd 
generally  cover  fixed  pn'sm  ^unsights  and 
straight-line  telescopes  without  crosslines. 
Instruments  with  elevation  and  detlection  prisms 
or  mirror4s  must  be  checked  against  a  properly 
adjusted  coHitnator  for  true  horizontal  and 
vertical  trackJng  as  well  as  mechanical  backlash. 
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Modern     gunsights    aae  precision 
maniifactiUL^^  fine  tolerances  to  keep  possible 

♦  misalignment  to  a  minimum,  However,  damage 
or  incorrect  reassembly  can  cause  prohiems/rhe. 
technical  manual  tor  each  typL^  of  instrument 
fully  covers,4he  c«5rrect  overhaul  and  collimation 

•procedure  and  lists  the  tolerances  for  errors  in 
elevation,  def]ectic)4ij  and  backlash.  As  a  rule, 
the  line  ot^  sight  can  Y^'y  PP  more  than  I  or  2 
minutes  of  inc  trbm  the  desired  fflan  of 
movement,  and  backlash  is  held  to  30  seconds, 
or  less.  I^roper  adjustments  include  shimming, 
scraping,  or  replacing  machined  spacers,  as 
specified  in  the  tvelmical  manual. 


SEALING.  DRYING  AND  CHARGING 

'Atter  you  colliniate  an  optical  instrunii^it. 
the  last  step  in  overhaul  is  to  seal  the 
instrument,. remove  any  moisture  present,  and 
charge  the  instrument  with  a  dry,  inert  gas  when 
appropriate.  Much  of  the  sealing  process  is 
usually  acconiplished  during  reassembly,  except' 
for  areas  needed  for  access  during  cpllimation. 

Optical  instruments  are  designated  as  (1) 
moist  ure-tight .  (2)  gas-tight ,  ,  or  ($) 
pressure-tight.  Methods  used  for  sealing,  drying, 
and  charging  vary  with  the  type  of  instrument 
lieing  overhauled. 

MOISTlJRE-TlGHt 

Hand-held  optical  instruments,  or  those  not 
n^rmanently  mounted  on  a  ship's  weather  deck, 
are  classificct  as  moisture-tight.  They  IraVe 
focusing  lype  eyepieces  and  are  sealed  against  ' 
the  entrance  of  moisture  by  gaskets,  sealing 
compound,  and  grease  (in  the  eyepiece  focusing 
mechanism).  These  instruitients  areValcd  in  the 
optical  shop  at  normal  atmospheric  pressure. 
They  will  withstand  mist  or  light  rain,  but 
cannot  be  submerged  in  water.  ^ 

GAS-TIGHT 

Instrunients  which  arc  permanently  exposed 
to  the  weathi^r  nuist  be  sealed  with  a  positive  gas 
pressure  of  2  to  5  psi.  They  have  fixed  focus^or 
internal  fpcusing  eyepieces,  and  all  joints  and 
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optics  ;irc  soiled  with  gaskets.  Siiiwc  those 
4i\strumcnts  uso  control  shttlts  piissingvhrouufj 
the  body  c«sti(ii».  the  shjifts  arc  seiilecl  with 
p;i(ikmg.  I  he  p.icking  liokis  intcnud  pressure  ;uul 
will  allow  the  control  shaf  ts  to  be  rotated 


PRESSURE^^TIGHT 

Inslriinicnts    which   must   withstand  high 

 ^vater    (hydrostatic)    pressure  tor 

oMcnded  periods  of  tiiiie  are  scaled  with  O-rings- 
»  P;>cking.  and  gaskets.  They  will  also  bv  charged 
with  inert  gas  at  a  preyure  of  5  to  7  I  /2  psi  The 
priniaiy  purpose  ol  sealing,  drying,  and  charging 
optical  instrument  with  gas  is  to  prevent 
moisture  troin. getting  into  the  instrument  and 
condensing  on  parts,  thereby  rendering  them 
useless.  • 

.  A  ga.s-iigkt  instrument  may  be  charged  with 
dry  nitrogen  or  helium.  \  pre.ssure-tifeht 
mstrmnent  should  be  charged  with  dry  nitrogen 
UNLY  Dry  nitrogen  and  dry  helium  are  used  to 
charge  instruments  becau.se  they  are  inert  gases-  • 
that  IS.  they  do  not  react  chemically  to  cause  or 
support  corrosioik  • 

(^as  .used  to  charge  optical  instruments  is 
normally  not  completely  free  of  moisture  and 
foreign  matter.  You  must  clea^i  the  ^as  before 
you  use  it.  lorce  the  gas  through  an  optieiif 
msirument   dryer,  which  is  actually  h  filter 
containing  a  quantity  of  siHca  gel  to  absorb 
inoLsture  from,  the  gas  as  it  passes  through.  The 
silica    g^-l    u.sed    in    ilistrumcnt'    dryers  is 
impregnated  wi^i  cobalt  chloride,  which  serves 
as  a  moisture  indicator.  When  the  silica  gel  is 
completely  dry.  it  is  deep  blue.  When  the  silica 
gel  contains  moisture,  it  is  lavender;  when  it 
Contains  50';^  moisture,  it  is  pale  pink  '  At  a 
saturation  of  almost  \007(  with  moisturev  sHica 
g«(l  IS  decidedly  pink. 

;  You  can  check  the  color  of  the  silica  gel 
through  a  window  on  the  side  of  the  cylinder 
When  ir  changes  to  pink,  remove  it  from  the 
cyUndei*.  place  it  in  a  container,  and  bake  it  in 
an  oven  ata  temperature  of  300°  to  350°F  for  a 
nunimbm  of  4  hours,  after  which  its  color 
should  be  a  deep  blue.  If  silica  gel  turns  brown, 
replace  it.  While  the  silica  gel  is  being  baked, 
clejin  the  inside  of  the  d"ryer  a^  the  filters 


•rhe^  use  of  nitrogen  and  helium  for 
piessuie-tcsimg  ga.s-light  and  pressure-tigl^r 
instruments,  as  prescribed  in  the  various 
.instrument  manuals,  requires  you  lo  be  familiar 
with  safe  handling  practice^  concerniivg 
high-pressure  gases  and  storage  cylinders.  ' 

;SAFETY  PROCEDURES  FOr\  ♦ 
HANDLING  CYLINDERS  \ 

You  must  strictly^)b.-;eive  the  following  rules 
for  st<>rage.  handling.  aWnsTm*  cylinders. 

•  Avoid  abusing  *  cylinders-.  They  arc 
carefully  checked  at  the  charging  plant  lor  safe 
condition,  Abuse'may  ^.-asily  render  them  unsafe 


Be  sure  the  cylinder  contains  the  proper  gas 
and  do  NOT  tamper  with  the  idei^tifying  code' 
numbers  and  jriarkings  on  the  cylinders. 

Store  Cylinders  in  an  approved  vertical 
stoKige  rack  where  they  cannot  be  knocked  over 
damaged  by  passing  or  falling  objects.  If  a 
cylmder  falls. over,  it  may  crack  und  explode, 
since  a  lull  cylinder  contains  pressure  of  1800 
|X)unds  per  square  inch.  If  the  cylinder  valve  is 
broken,  the  cylinder  will  take  off  liki«  a  ibcket^ 
Cyhnders  should  be  kept  away  froin  stoves, 
radiators.,  furnaces  and  other  heat  .sources. 


.  •  While  moving  cyhnders.  prevent  them 
trom  bemg  knocked  over  or  from  falling.  Use  a 
suitable  handcart  with  retaining  devices. 


•  Keep  cylinders  from  bejng  knocked  over 
^hile  in  u.se.  Use  a  rack  to  hold  the  cylinder  in 
an  upright  position. 


•  Use  full  cylinders  in  the  order  in  which 
they  are  received  from  the  charging  plant. 


•  Never  allow  cylinder>  to  come  in  contact 
with  live  wires  and  ground  wires  of  electrical 
equipment. 
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•  Always icioso'  the  cyhiuicr  vitlvo  when 
work  is  tiiiNhcd.  Alwuys  close  valves  of  oniply 
cyliiHlers,wt)ile.in  storage  before  returning  tluMM 

•  to  the  charging  pJant. 

;  '  :  ■  \' 

•  Jieturn  empty  cylinders  promptly. 

* 

NKVKR  use  a  cylinder  that  contains  less 

 than  400  pounds  ot  pressure.  Cii*s  eytindei^fi 

contain  impurities  which  could  enter  and 
contaminate  an  instrument  it  the  ^liqder  is 
emptied, 

CHARGING  PROCEDURES 

f'igure  8-14  shows  a  typical  setup  Tor 
purgii^g,  pressure-testings  and  charging  an  optical 
instrument.  In  this  illustration,  a  rangefinder  is 
being  charged  with  helium,  but  the  same 
i'quipment  is  also  used  with  nitrogen  and  on 
Qther  instruments. 

'  Plastic  hose  must  be  used  IVom  the  dryer  to 

the  instrument.  Rubber  hoses  are  not  clean. 


They  tend  to  ''shed''  foreign  matter.  It  is  also 
advisable  to  u^e  a  phistic  hose  fron^  the  regulator 
to  the  filter. 

The  following  procedure  shall  be  tollowed. 
It.  is  prescribed  to  protect  you  and  the 
c|||hipment. 

^  •  '^et  a  cylinder  of  nitrogen  in  a  rack  in  a 
vert  leal  posit  ion .  Qbserve  t  he  sij  f e t y  procedu  res 
for  handling  cylinders.  Mak^  sure  the  cylinder 
contains  nitrogen. 

• 

#  With  the  cylinder  firmly  in  the  rack, 
unscrew  the  valve  protection  cap  from  the  top 
of  the  cylinder. 

•  Open  the  cylinder  valve  one-quarter  turn 
and  then  close  it  immediately,  (Do  NOT  stand  in 
front  of  the  outlet  pipe;  stand  behind  it,)  This 
procedure  will  clear  the  valve  and  the  outlet  pipe 
of  dust  and  dirt  that  may  have  been 
accun)ulated  during  storage  and  shipment. 
Otherwise,  such  dirt  might  be  blown  into  the 
Regulator  and  damage  it. 
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WARNINt;  ..  V 

DO  NOT  USi;  A  WRhNC  H  ON  THF 
CYLINDfcrR  VALVF  IT  SHOULD 
OPf-N  TO. HAND  PRESSURb.  IF  IT 
WILL  .NOT  YIELD  TO  HAND 
PRESSURE,  REPLACE  THE  VAI  VE 
PROTECTION  CAP  AND  RETURN 
THE  CYLINDER  TO  THE  CHARGING 
PLANT  WITH  AN  EXPLANATION 
ATTACHED. 


•  •  ruin  the  pressure  adjusting  comVoI 
screw  of  the  reguhjtor"  clockwise  until  the 
reguliited  pressure  gage  roads  5  pounds  to  hlow 
out  the  filter  and  Ihv  lines. 

•  Reduce  the  pressure  again.  The  system  is 
now  ready  for  use. 

Testing  for  Lenks     *  ) 


When  an  instrument  is  to  he  tested  for  leaks 
e  general  proecvUire  is: 


*  •  Assemble  the  pressure-reducing  regulator 
to  the  cylinder.  Tighten  the  union-joint  nut 
securely. 

•  lurn  tHe  pressure-adjusting  control 
'screw  of  the  regulator  counterclockwise  (to  the 

loft)  until  it  is  loose  to  protect  the  regulator  and 
its  gages  from  possiWe  damage  when  the 
cylinder  is  bpened. 

•  Stand  to  one  side  of  the  front  of  the 
regulator  and  open  the  cylinder  valve  sightly.  If 
the  cylinder  is  opened  quickly,  the  sudden  rush 
of  gas  might  damage  the  i^egulator.  Open  the 
valve  only  enough  to  make  the  cylinder  pressure 
gage  indicate  a  slow  rise  in  pressure.  When  the 
needle  of  the  gage  stops,  open  the  cylinder  valve 
all  the  way. 


WARNING 

IF  TttERE  IS  A  LEAK  BETWEEN 
THE  CYLINDER  AND  THE 
REGULATOR,    CLOSE  THE 

CYLINDER   Valve  before 

TIGHTENING  THE  COUPLING  OR 
BEFORE  DOING  ANYTHING  ELSE. 


•  Connect  the  hoses  and  the  Instrument 
dryer  together  as  in  figure  8-14.  Make  sure  the 
hose  from  the  ft-gulator  is  attached  to  the  inlet 
side  of  the  dryer, 


•    Connect  the  hose  from  the  outlet  side  of 
the  dryer  to  the  charging  valve  screw  fitting  (the 
small  screw)  on  the  optical  instrument  (fit 
8-1 5A).  ' 


137.207 

FIgurt  8-1 B. -Attaching  hoit  to  mitrunMnt  chirglng 

vtlv«. 


ERIC 


^  Chapter  ^  ;MAINTENANCE  PROCEPURES^PART  11 


•  Open  thfe  gas  inlet  screw  (large  screw)  on 
the  valve.    ^  * 

•  Tighten  thes  gas  outlet  screw  on  the 
oppasite  end  of  the  optical  instrument. 

•  Turn  on  the  nitrogen  supply  until  the 
pressure  gage  on  the  instrument  dryer  reads 
approximately  5  pounds  per  square  inch  (Tig. 
8  I5BI 

•  While  you  maintain  this  pressure,  brush  a 
soapsuds  solution  around  all  fittings,  gaskets, 
screws,  the  objective  ,window,  and  the  rear 
eyelens  to  check  for  k;^aks.  See  figure  8-16. 

•  If  you  find  leakji.  mark  them  with  a  soft 
lead  pencil  white  crayon,  or  chalk;  turn  off  the 
air  supply;  disconnect  the  hose  from  the 
instrument:  and  then  repair  the  leak(s). 

•  After  you  repair  the  leaks,  connect  the 
hose  to  the  instrument  and  apply  the  same 
pressure  test  and  check  again  for  leaks  with 
soapsuds. 

•  After  the  instrimu>*ft  passes  the  soapsuds 
test,  maintain  5  pounds  df  pressure  and  close  the 
gas  valve  screw  on  the  inlet  valve.  > 


•  Check  for  slow-rising  bubbles  whfch  may 
^^*ar  aifywhere  on  the  instrument.  A.  few 
TOurs  may  elapse^ljefore  any  bubbles  are  visible. 

•  ,  Mark  the  leakts)  as  soon  as  you  remove 
the  instrument  from  the  tank;  then  rvpair  them, 
Follow  up  by  appying  5  psi  test  pressure,  and 
submerge  the  instrument  in  the  tank  again  to 
double  check  for  leaks.  ^ 

Whx?n  yon  are  certahi  there  are  no  leaks  m 
the  instrument,  remove  it  from  the  tank,  dry  the 
exterior  with  a  clean,  soft  clotfi,  an^Precharge  it 
to  exactl>»5  pounds.  Twenty-four  hours  later, 
attach  a  pressure  gage  to  the  gas  inlet  valve  of 
the  instrument  and  check  ijs  pressure.  If  it  has 
dropped,,  repeat  either  the  soapsuds  test  or  the 
tank  test  as  often  a^  necessary  uiltil  you  find  the 
leak(s),  Then  make  necessary  repairs.  The 
instrument  is  no^  ready  for  drying  and  charging. 

Drying  and  Charging 


To  dry  and  charge  the  instrument  with 
nitrogen: 


•  Recx)nnect  the  outet  hose  from 
dryer  to  the  inlet  valve  on  the  instrument. 


Submerge  the  instrument  in  a  tank  of 


water. 
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•  Open  the  outiet  valve  of  the  instrument. 

■■  > 

•  Turn  on  tlie  nitrogen  at  5  pounds  of 
pressure  and  let  it  cycle  througli  the  entire 
instrument. 

•  Purge  the  instrument  by  holding  a  finger 
over  the  outlet  valve.  Wheil  the  gage  on  the 
dryer  shows  a  pressure  up  to,  but  not  exceeding 
5  pounds,  remove  your  fingef  from  the  outlet 
valve  and  allow  the  gas  to  escape  from  the 
instrument.  At  about  5-minute  intervals,  during 
a  period  of  approximately  I  /2  hour*  repeat  the 

purging  operation. 

•  When  you  have  the  instrument^purged 
(compfetely  free  of  moisture),  replace  the,  outlet 
valve  screw,  and  let  the  pressure  on  the  dryer 
build  up  to  approximately  2  pounds,^  orr  as 
indicated  in  the  overhaul  manual  for  ^he 
instrument. 


•  When  vthe  pressure  ro;»chos  the  specific 
atnoiint.  close  atul  secure  the  g;is  valve  screw 
(laVgc  one)  on  the  pas  inlet  valvc'incl  diseonnect  . 
the  hose  from  the  optical  instrument.  Turn  off 
the  nitrogen  bottle  and  replace  the  small,  inlet 
screw  in  the  charging  valve.  ' 


Some  moisture-tight  instruments  have  uikt  . 
iuuT  outlet  screws  (not  valves)  which  can  be  used 
Tor  purging  the  instrument,  but  not  for  pressure 
testing. 

Pressure-ti^ht  instruments  mpst  undergo  ^ 
special   testing  procedure.   Check   with  your^ 
---iQstmctor  or  shop  supervisor  tor  the  instructions 
and   specifications  applicable  to  a  particular 
pressure -tight  instrument 


Securing  the  Etjuipment 


this  "point  the  control  scrOw  will  no  longer  .be 
loose.  This  aids  in  lengthening  the  liie  ol  the 
valve  $eat.  Before  the  regulator  is  used  again,  the 
control  screw,  mtist  be  loosened  as  prescribed  in 
the  seiting  up  procedure. 

Pressure  Testing  and 
Charging  Rangefinders 


Pfessure.  testing  and  charging  rangefinders 
are  quit^  .si/nilar  to  procedures  described  for 
gas-tight  instrument^;,  with  the  following 
exceptions: 


•  Only  helium  is.  used  to  charge  and  test 
rangefinders.  The  inlet  and  outlet  valves.Jocated 
next  to  each  other,  are  painted  orange  or  yellow 
to  indicate  helium. 


_A  special  procedure  must  he  followed  for 
securing  the  equipment.  Tht  following 
procedure  is  intended  to  protect  both  you  and 
the  equipment. 


•  The  rangefindcr  is  too  large  to  be 
submerged  to  test  for  leaks,  so  be  extremely 
observant  when  using  soapsuds  on  all  fittings, 
access  covers,  and  optics. 


•  Close  the  cylinder  valve.  The  pressure 
readings  on  both  gages  should  drop  to  zero  if  the 
hose  line  is  open. 


•  Turn  the  pressure-adjusting  control 
screw  counterclockwise  until  it  is  loose. 


•  Disconnect  the  hoses  to  the  instrument 
dryer  from  the  regulator. 


•  A  large  volume  of  helium  must  be  used 
during  the  purging  operation,  so  be  sure  you 
have  a  sufficient  supply  on  hand/ 

^  ■  ( 

•  A(Uiist  the  regulator  to  allow  '7-lp 
pounds  of  pressure  to  flow  from  the  heliunj 
bottle.  Observe  the  gage  on  the  instrument  dryer 
to  allow  no  more  than  5  pounds  of  pressure  in 
the  rangefinder  during  pressure  testing  or 
Purging. 


•  Disconnect  the  cylinder  from  the 
regulator  by  unscrewing  the  union-joint  nut  on 
the  coupling.  Then  replace  the  cap  on  the 
nitrogen  cylinder,"^ 


^      •    After  the  rangefindei' hafetJeen  purged 
for  1/2  hour,  use  a  helium  pUFitJ  indicator  to 
test  the  percentage  of  helium  in  the  instrument 
See  figure  8-17. 


If  a  regulator  is  to^e  out  of  service  for 
several  >yeeks  or  longer,  screw  in  the 
pressure-adjusting  control  screw  just  enough  to 
relieve  the  spring  pressure  on  the  valve  seat.  At 


•  To  use  the  indicator,  run  helium  directly 
from  the  gas  cylinder  through  the  indicator. 
Adjust  the  pointer  to  show  a  reading  of  100% 
while   helium  is  flowing  directly  from  the 
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cyUn<Je.c,  Now  re-attach  tlw^'liosenrbm  the 
holiuiii  cylinder  to  the  instrumetvt  dryer,  and 
iittach  at  hose  from  the  outlet  valve  on  the 
rangefinder  to  thehelium  purity  indicator, 
Continue  purginKniii^  rangefinder  until  the 
helium  purity  indicator  shows  97.5%  heJium, 
then  secure  the  charging-  operation.  Seal  the 
rangefinder  with  2  pouh'ds  of  pressure. 

In  all  cases  of  handling  compressed  gas, 
follow  the  rules  outlined  herein  and  always 
exercise  caution,  . 

Charge  nil  gas-  and  pressure-tight  ihStrumetUs 
with  gases  and  pressures  specified  for  them,  at 
the  timtjs  stated  below: 


1 .  Prior  to  the  conclusio^  *of  each  ship's 
overhaul. 

2,  When  inspection  indicates  cbndensation 
on  internal  optilal  surHims 

.  3.  Immediately  »fter  completion  of  an 
ovteifhatil  of iin  optical  instrument. 
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,  4.  At  ,tlie  completion  6f  twdye  months  of 
service.  '  T 

deneral  Safety  Procedures 

^  Some  general  rules  to  follow  when  you 
recharge  an^pticarinstrument  are: 

NEVBR  recharge  an  optical  instrumer^t 
when  the  temperature  is  below  32* F. 

■  > 

NEVBR  charge  an  instrqi^nent  wSth  nitrogeti' 
or  helium  after  the  pressure  in  the  bottle<<$r  tank 
falls  below  400  pounds  per  square  inch,  < 

Recharge  each  instrument  ,with  only-  the 
type  of ;  gas  and  pressure  specific;d  for  that 
particular  instrument.  If  In  doubt,  use  nitrogen* 
and  pres8uriye.th*instrument  to  2  po\inds> 

When  the  inlet  valve  or  the  area  neaf  it  ii 
painted  ORANOE  or  YELLOW,  always  ohar»» 
the  instrunient  with  HELIU^< 


I 
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MACHINt  raO^^^  OPERATION 


A. 


It  has  long  been  recognized  thdf  optical  and  a  term  that 
mechanical  problems  are  tWo  phases  in  the  single 
problem  of  repairing  opticaP  instruments. 
Macliine  tool  operation  requires  a  knowledge  of 
certain  mechanical  principles  that  apply  to  all 
machine  work.^  These  are  the  principles  of 
cutting  tools,  cutting  speeds,  and  feeds,  and 
actions  of  gears,  screws,  and  cams.  All  of  these 
prinfA^les  are  applied  In  the  construction  of 
machines  and  used  during  various  machine 
operations.  The  mechanical  principles  may  be 
fe^T  but  there  is  no  end  to  the  methods  of" 
application  in  machine  tool  work.  v 


As  an  Opticalman  (jn  the  Navy,  you  will 
often  be  working  on  vital  instruments  with  no 
Available  replacement  parts  ^nd  special  tools. 
When  this  situatiofh  arises,  ^ou  must  be  prepared 
to  manufacture  the  part  or  tool  you  rieed. 

This  chapter  give§^  a  description  of  the 
machine  tools  common  to  optical  shops,  and  it 
will  help  you  to  gain  a  working  l^wledge  of 
the  maehining  o^rations  you  will  be  required  to 
perform.  First  and  foremost,  you  must 
remember:  '  ^ 


NO  JOB  IS  SO  IMPORTANT  AND  NO 
SERVICE,  IS  SO  URGENT  THAT  YOU 
CANNOT  TAKE  TIME  TO  PERFORM 
YOUR  ^ORK  SAFELY.  . 


GRIf^DERS 

Grinding  is  the  rempval  of  meta!  by  the 
cutting  action  of  an  abrasive.  Offhftnd  grinding  is 


cribes  the  manual  holding  and 
manipulation  A>f  a  workpiece  that  is  being 
ground.  To  grind  accurately  and  safely,  using 
the  offhand  method,  you  must  have  v 
experience.  In  addition,  you  must  know  how 
to  select  and  install  grinding  wheels  and  how 
to  sharpen  or  dress  them.  You  MUST  have  a 
knowledge  of  .  the  safety  precautions 
concerning  grinding. 


To  properly  grind  small  handtools, 
singlQ*edged  cutting  tools,  and  twist  drills,  you 
must  understand  the  terms  used  to  describe  the 
angles  and  surfaces  of  the  tools,  you  must  know 
for  which  operations  each  tool  is  used,  and  you 
must  know  the  composition  of  the  tool  material 
and  the  abrasive  wheel. 


Bench  crinders  are  relatively  simple 
machines.  The  main  components  of  these 
grinders  ^re:  a  rhotor  with  an  extended  shaft  for 
mounting  ""grinding  wheels,  a  mounting  base  for 
the  motor,  grinding  Wheel  guards  mounted  over 
the  grinding  wheel  as  a  safety  feature,  a 
provision  for  coolants,  an  adjustable  toolrest  to 
steady  the  workpiece,  and  a  shield  fastened  to, 
the  wheel  guards  to  protect  the  operator  froni 
flying  chips. 

Figure  9-1  shows  a  representative  ..bench 
grinder.  The  grinding  wheel  on  the  left  is  usually 
a  coarse,  general  purpose  wheel  used  for  rough 
work  or  for  removing  large  amounts  of  metal. 
The  wheel  on  the  right  is  a  fipe,  firiishing  wheel 
which  will  produce  a  poUshed  appearing  surface. 
Grinding  wheels  up  to  finches  in  diameter  and  • 
1  inch  in  thickness  are  noitnally  used  on  b«nch 
grinders,  if  , 
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A  -  GRINDING  ABRASrVE  WHEEL 
B  -  4.EFT  HAND  WHEEL  GuJkRD  ASSY 
C  -  EYE  SHIELD  BRACKET 
0  -  CAP-SCREW 

E  -  RIGHT  HAND  WHEEL  CLAMP  NLPT 

F  -  TOGGLE  SWITCH 

0-NAMEPLATE 

H  -  HEX-HD  CAP  SCREW 

J  -  LEFT  HANDTO(^L  REST 


Figure  9-1.-  Bedch  grinder. 


GRI(>iDING  SAFETY 

Since, the  grinding  wheel  is  a  rragilc  cMttJig 
tool  which  operates  at  high  speeds,  we  miist 
place  great  emphasis  on  the  safe  operation  of 
grinders.  Observance  of  safety  precautions, 
posted  on  or  near  all  grinders  used  by  the  Navy, 
is  mandatory  for  the  safety  of  the  operator  and 
the  safety  of  personnel  in  the  vicinity, 

What  are  the  most  c'ommon  sources  of  injury 
during  grinding  operation?  Grit,  generated  by 
'  the  grinding  process  is  ttie  moJjt  common  source 
and  causes  the  most  serioMs  injuries-  eye  injury 
Bodily  contact  with  the  wheel  causes  abrasions 
which  are  quite  painful  at^d  can  be  seriousr 
Segments  of  an  exploded  wheel  or  a  tool 
^*kick$,d"  away  from  the  wheel  cause  cuts  and 
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-bruises   which  can  become  infected  if  not" 
prok-'cted  from  grit  and  dust  from  the  grinding. 

Safety  in  using  grinders  is  primarily  a  matter 
of  using  common  sense  and  concentrating  on  tlie " 
job  at  hand.  Each  time  you  start  to  grind  a  tool, 
stop  briefly  to  consider  how  observance  of 
safety  precautions  and  the  use  of  safeguards 
.protect  you  from  injury.  Consider  how 
handicapped  you  would  be  if  you  lost  your  sight 
or  lost  or  mutilated  an  arm  or  hand. 

1.  Read  posted  safety  precautions 
BEFORE  you  start  to  use  a  machine. 

2.  Secure  all  loose  clothing  and  remove 
rings  or  other  jewelry. 
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3.  Inspevjt  the  griiuliiig  wheel,  wheel  guards, 
toolr«st,  and  other  safety  devices  to  ensure  that 
they  arc  in  good  condition  and  are  positioned 
properly.  Set  the  foolrost  so  that  it  is  within  1/8 
inch  of  the  wheel  face  and  level  with  the  center 
of  the  wheel.  For  small  work»  the  rest  can  be 
positioned  within  1/16  ilWh  of  the  wheel. 

4.  Cle^i  the  transparent  sliields  on  the 

_ KTinde r^  and  i>u t  gn -&Qggle^  Iniiispaieiit  sliiclds- 
are  NOT  a  substitute  for  goggles.  Dust  and  grit 
nuiy  get  around  a  shield,  but  goggles  give  full  eye 
protection,  WHAR  (JOGGLhS  AT  ALL  TIMHS 
during  grinding  operations. 

5.  When  starting  the  grinder,  stand  aside 
until  operating  speed  is  'tVached  to  prevent 
injury  in  case  the  wheel  explodes  from  a  defect 
that  has  not  been  noticed. 


GRINDING  WHEELS 


abrasive  particles  in  a  grinding  wheel 
provide  thousands  of  small  cutting  edges  that 
remove  metal  chi|is  from  the  stock  being 
ground.  For  most  efficient  use  of  a  grinding 
wheel,  you  must  select  the  correct  wheel  and 
ensure  that  it  is  installed  properly. 

The  two  basic  elements  of  a  grinding  wheel 
are  the  abrasive  and  the  bond.  The  abrasive 
performs  the  cutting  action,  and  the  bond 
cements  the  abrasive  grains  into  a  wheel  shape. 
Approximately  40%  of  the,  composition  of  a 
grinding  wheel  is  made  up  of  the  abnisive  and 
another  40%  of  the  bond.  The  renuiining  20%>  is 
empty  space  between  abrasive  grains. 


6.  Use  light  pressure  when  beginning  a  job. 
Too  much  pressure  o\\  a  cold  wheel  nuiy^cause 
failure. 

7.  Grind  only  on  the  face  or  periphery  of  a 
grinding  whetH,  unless  the  grinding  wheel  is 
specifically  designed  tor  side  grinding. 

8.  Use  the  coolant  frequently  while 
grinding.  Dip  the  worl^  often  in  wiiter  to  prevent 
overheating  and  loss  of  temper  (in  most  metals 
you  will  grind ),^  Dipping  also  keeps  the  work 
cool  enough  to  hold  in  your  hand, 

9.  The  primary  purp\)se  of  the  bench 
grinder  in  optical  shops  is  to  sharpen  steel 
cutting  tools  and  form  special  handtools  from 
ferrous  metals.  It  i$  NOT  used  to  grind  any 
nonferrous  metal  because  the  wheel  j^yi  epilect 
the  ground  metal,  causing  accidents  and  spoilage 
when  used  to  grind  steeL  Nonferrous  metals  like 
aluminum,  brass»  or  Monel  collect  in  the  wheel 
and  actually  force  themselves  into  the  pores  of 
th^wheel.  If  this  metal  is  allowed  to  build  up,  it 
coifld  crack  the  wheel,  causing  it  to  disintegrate 
at  operating  speeds  ALWAYShcheck  the  wheel  of 
any  grinder  to  be  sure- that  no  metal  has  adhered 

,  to  the  wheeti  When  metal  has  collected  on  the 
wheel  of  a  grinder,  the  wheel  sh6uld  be  dressed 
down  with  a  proper  dressing  tool  until  it  is 
completely  free  of  foreign  particles, 


Abrasives 

% 

Tliere  are  two  types  of  abrasives:  natural  aiid^ 
maiuiracturetl.  Natural  abrasives,  such  as  emery, 
corundum,  and  diamond  are  used  only  in  honing 
stones  and  in  special  types  of  grinding  wheels. 
The  common  manufactured  abrasives  are 
aluminum  oxide  and  silicon  carbide.  They  have 
superior  qualities  and  are  more  economical  than 
natural  abrasives.  Aluminum  oxide  (designated 
by  the  letter  A)  is  used  for  gi-inding  steel  and 
steel  alloys  and  for  heavy  duty  wqrk  such  as 
cleaning  steel  eastings.  SiHcon  carbide  , 
(designated  by  the  letter  C),  which  is  harder  but 
not  as  tough  as  aluminum  oxide,  is  used  mostly 
for  grinding  nonferrolis  metals  and  carbjde  tools. 


Bond 


The  bond  determines  the  strength  of  the 
wheel.  The  most  common  types  of  bonds  are  the 
vitrified  and  the  silicate.  The  vitrified  bond 
(designated  by  V)  is  most  'common.  It  is  a 
glasslike  substance  that  makes  a  strong  rigid 
grinding  wheel  which  is  porous,  free  cutting,  and 
unaffected  by  temperature,  oils,  water,  and 
aeids.  The  silicate  bond  (designated  by  the  letter 
S)  is  softer  (releases  abrasive  grains  more  readily) 
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thurt  Hic  vitrified  bond.  Siliciito  bond  is  used 
when  heat  generated  in  the  gritiding  proeess 
must  be  kept  to  a  luiiiiimnri,  a.s-iii  giiiuliiig  edged 
tools. 

In  genernl.  Hve  softer  materials  to  be  ground 
require  harder  bonds  and  coarse  grain  size,  and 
the  hauler  nuiterials  require  softer  bonds  and 
fine  grain  size.  A  proper  bond  for  a  specific- 
grinding  application  should  retain  the  abrasive 
Knrim Tnitll  They  become  dull. 


Grain  Size.  Grade, 
and  Structure 


Other  terms  used  in  relation  to  grinding 
wheels  are  gram  size,  grade,  structure.  The 
grain  size  (from  24  to  600)  indicates  the  size  of 
the  abrnsive  grains  in  a  wheel,.  It  is  determined 
by  the  size  of  mesh  of  a  sieve  Vh rough  which  the 
grains  can  pass. 

The  grade  (designated  afphabetically  A  to  Z. 
solt  to  hard)  of  a  grinding  Iheel  is  the  term  (hat 
designates  the  ability  of  thCv^jn^o  retain  the 
abrasive  grains  in  the  wheel.  In  the  grinding 
operation,  a  soft  grade  bond  releases  the  abrasive 
graiuvS  relatively  easily  as  compared  to  a  hard 
grade  bond. 

The  structure  (designated  numerically  froA 
I  to  15,  den.se  to  porous)'indicates  the  spaei^^ 
between  the  abrasive  grains. 

"A  standarti  wheel  marking,  combining  the 
letter  and  number  symbols  given"  in  the 
preceding  paragraphs,  is  used  for  selection.  For 
example:  • 

A     36    ,K     10  V 
Abrasive  type  I 

Grain  size  — —  I 

Grade  —  , — -  —J 

?St  nicture  —  t  I 


l  or  more  detailed  in,formatio.n  relating  ,to 
grinding  nv heels,  refer  to  Tools  muf  Their  Uses 
NAVliDTRA  10085  series. 


GRINDING  WHEEL 
INSTALLATION 


Tho  wheel  of  a  bench  ^rindt>r  nvw.st  be 
properly  installed;  otherwise,  accidents  may 
occur  and  the  wheel  will  not  operate  properly. 
Before  installing  a  wheel,  inspect  it  for  visible 
defects,  and  "sound"  it  by  tapping  lightly  with  a 
piece  of  hardwood  to  determine -whether  it  has 
invisible  cracks.  A  good  wheel  gives  a  cleyr 
ringing  sound  when  tapped;  a  cracked  wheel 
gives  a  dull  thud. 

Unsure  that  the  'wheel  fits  on  the  spindle 
■  without  play.  Do  not  use  force,  however,  as  this" 
may  cause  the  wheel  to  crack  when  placed  in 
operation,  or  it  may  cause  the  wheel  to  be 
slightly  out  of  axial  alignment.  Recessed  flanges 
(fig.  9-2)  nuist  be  used  on  both  sides  of  the 
wheel  to  Ki)read  the  pressure  of  the  securing  nut. 
The  flanges  should  be  at  least  one-third  the 
diameter  of  the  wheel.  Use  thin  cardboard  or 
rubber  washers  between  the  llanges  and  the 
wheel  to  ensure  even  pressure  on  the  wheel  and 
to  dampen  vibration^  between  the  wheel  and 
shaft  when  the  grinder  is  in  operation.  Tighten 
the  securing  nut  enough  to  hold  the  wheel 
firmly;  tightening  too  much  may  damage  the 
wheel. 

NOTE.  The  right  end  of  a  grinder  shaft  uses 
a  right-hand  thread.  The  left  end  has  a  left-hand 
thread. 
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Gl^iNDJNG  METHODS 


GRINDING  WHEEL 
MAINTENANCE 

Like  othci'  cutting  tools,  the  cutting  surfaces 
of  grinding  wheels  require  frequent 
reconditioning  to  perform  efficiently.  Dressing  is 
tlw  term  that  describes  the -process  of  cleaning 
the  periphery  of  grinding  whqels.  Dressing 
breaks  away  dull  abrasive  grains  and  smooths  the 
-surface  so^  ihat^  there  ttre^no-groovesh  Truiti^  i$- 
the  tehn  that  describes  the  dressing  of  the 
cutting  face  of  the.  wheel  so  that  the  resultant 
surface  nuis  absolutely  true  to  the  grinding 
wheel  shaft. 

The  wheel  dresser  (fig.  9-3)  is  used  for 
dressing  grinding  wheels.  To  dress  a  wheel  with 
this  tool,  start  the  grinder  and  let  it  come  up  to 
speed.  Set  the  wheel  dresser  on  the  rest  as  shown 
in  fig^ire  9-3.  and  bring  it  in  firm  contact  with 
the  wheel.  Move  the  wheel  dresser  across  the 
face  of  the  wheel  until  the  surface  is  clean  and 
square  with  the  sides  of  the  wheel. 

If  grinding  wheels  get  out  of  balance  because 
of  out-of-roundness,  dressing  the  wheel  will 
usually  r(ynedy  the  condition.  After  dressing  a 
wheel,  reset  the  clearance  between  the  wheel 
and  toolrest.  If  the  wheel  gets  out  of  balance 
axially,  it  pi'bbably  will  not  affect  the  efficiency 
of  the  wheel  on  bench  and  pedestal  grinders. 
This  unbalance  may  be  Yemedied  simply  by 
removing  the  wheel  and  cleaning  the  shaft, 
spindle,  and  spindle  hole  in  the'  wheel  and  the 
flanges. 
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Figurt  ^3.-Uiln«  ■  grinding  whttl  drtiMr. 


Successful  offhaiul  '  grinding  requires 
patience,*  concentration,  and  a  light  touch. 
Practice  on  noncritical  grinding  jobs*  will  (jevelop 
your  skill  and  increase  your  confidence  so  that 
you  can  handle  any  job  required. 

V 

The  way  yon^^tand  whjjc  grtndtiig  is  very" 
important.  You  should  keep  your  feet  slightly 
spread,  with  weight  evenly  distributed,  so  you 
can  comfortably  move  in  any  direction  and  still 
see  the  work  and  the  action  of  the  grinding 
wheel. 

The  toolrest  should  be  square  and  level  with 
the  face  of  the  grjlnding  wheel,  with  no  dents  or 
nicks  on  the  edge  or  surface.  In  many  grinding 
operations,  you  slide  the  work  across  the  top  of 
the  rest  or  across  the  edge,  so  there  can  be  no 
restrictions  to  free  movement. 

Coordination  is  essential  in  precision 
grinding.  One  hand  holds  the  work  to  apply 
steady  pressure  against  the  wheel,  while  the 
other  hand  guides  the  work  to  produce  the- 
desired  contour.  At  the  same  time,  you  should 
move  the  work  back  ancj  forth  across  the  face  of 
the  wheel  to  prevent  grooving.  Since  any  type  of 
grinding  produces  heat,  you  must  frequently 
quench  the  work  in  water.  When  you  resume  a 
grinding,  .you  must,  develop  a  "feel"  for  the 
work  to  pick,  up  where  you  left  off  and  avoid 
destroying  previouy^  efforts.  Methods  for 
grinding  various  tools  are  illustrated  in  Tools  ami 
Their  Uses,  NAVEDTRA  10085  series. 


•  DRILL  PRESSES 

Although  drilling  machines  or  drill  presses 
are  commonly  used  by  untrained  personnel,  you 
cannot  assume  that  operating  these  macfiines 
proficiently  is  simply  a  matter  of  inserting  tlve 
proper  size  drill  and  starting  the  machine.  As  an 
Opticalman»  you  will  be  required  to  perform  ' 
drilling  operations  with  a  •  great  degree '  of 
accuracy.  You  must  be  well  acquainted  with  the' 
machine  and  the  methods  of  operation  of  drill 
presses  and  drills  found  in  Navy  shops. 
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The  sousitivo  ilrill  pross  (fig.  'M)  is  Used  tor 
drilling  small  holos  in  work  under  conditions 
winch  make  it  necessary  for  the  operator  to 
"feel"  what  the  cutting  tool  is  doing.  The'tool  is 
fed  into  the  work  hy  a  very  simple  device  a 
levor.  a  pinion  and  shaft,  and  a  rack  which 
engages  the  pinion.  These  drills  are  nearly  always 
belt  driven  because  the  vibration  caiisetl  by 
gearing  would  be  undesirable.  Sensitive  drill 
i>r esses  are  used,  ill  drtlliuu  Iicilcs- Iciss  thun.- 
one-half  inch  in  diameter.  The  higlj-speed  range 
of  these  machines  and  the  holding  devices  used 
make  them  unsuitable  for  heavy  work. 


DRILLS 


In  Hguro  9  5  you  see  the  principal  parts  of  a 
twist  drill:  the  BODY,  the  SHANK,  and  the 
POINT.  The  portion  of  the  LAND  behind  the 
MARGIN  is  relieved  to  provide  BODY 
C'LliARANdi.  The  body  clearance  assists  in  the 
reduction  of  friction  during  drilling.  The  LIP  is 
the^  cuWinij  odge.  and  tlie  ^irea-behind  Hie  Hp  is 
grpujKl  away  to  provide  lip  cl^uranee  which 


LIP  OR 
CUTTING 
EDGE 


FLUTE 


MARGIN 


eODY  < 


LAND 


TANG. 


FIgurt  9-4. -Drill  pr«u. 
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FIgufe  9r5.~Tht  parts  of  « twl$t  drill. 
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allows  the  virill  to  advance  into  the  work  Khe 
C  IIISLL  K)IN  I  is  (ho  sharp  cJgc  located  at  the 
tip  of  the  drill,  which  separates  the  two  cutting 
edges.  The  Wl  B  of  the  drill  is  the  metal  column 
which  separafvs  the  tlutes.^lt  runs  the  entire 
length  o(  the  body  between  the  llutes  and 
gradually  increases  in  thickness  toward  the 
.  shank,  giving  ailditional  rigidity  to  the  drill.  ' 

The  TAN(;  is  found  oidy  on  tapered  shank 
drills.  It  fits  mto  a  slot  in  the  spiiuUe  ol  the  drill 
press  and  bears  a  portion  of  the  driving  strain. 
Its  principal  purpose  ls  to  make  it  easy  to 
remove  the  dnil  tronvfhe  socket  with  the  aid  of 
a  drill  drift  (Nl  VI  R  use  a  Tile  or  screwdriver  to 
do  this  job. ) 

The  SHANK  tits  mto  the  spindle,  or  chuck, 
of  the  drill  press.  I  here  are  several  types  of 
shanks,  the  most  common  of  which  are  shown  in 
t  igure  9  (>. 


l\vist  drills  are  made  ot  cobalt  alloy  or 
high-speed  steel,  and  they  are  capable  ol  cutting 
any  metal  softer  than  that  from  which  they  aa* 
made.  Kor  cutting  extremely  hard  materials, 
carbide  inserts  are  silver  soldered  to  the  cutting 
lips  of  a  drill. 

Tigure  9-7  shows  a  typical  plastic  cutting 
drill  and  a  typical  njctal  cutting  drillT  Ntote^the 
smaller  point  angle  on  the  drill  used  jor  working 
with  plastics. 

I  igure  9-8  shows  the  standard  dimensions 
and  clearances  ofa  twist  drill.  You  can  reduce 
the  point  angle  and  increase  liu  clearance  for 
soft  metals  and  plastics,  .or  incxiase  the  point 
aiTgle  and  reduce  lip  clearances  for  metals  which 
are  difficult  to  drill. 

Drill  si/.es  are  indicated  in  three  ways:  by 
inches,  letter,  and  number.  The  nominal  inch 
sizes  run  from  1/64  inch  to  4  inches  of  larger,  in 
1/64-inch  steps.  The  letter  sifei?i)run  from  ''A"  to 


FjflUr*  9-6. -Four  popular  ihanKt. 
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Speeds  and  Feetis 


44.20(11) 

FIgur*  9^7.-Cornp«ri«on  of  •  twitt  drill  for  plattici  with 
ont  for  m«tali. 


Kxpciieticc  will  help  you  in  selecting  the 
best  feeds  and  speeds  for  Ucilling.  While  you  are 
learning,  it  is  best  to  jtart  slowly  and  use  the 
following  suggestions. 

The  correct  cutting  speed  for  a  job  depends 
upon  the  degree  of  inachinability  of  tlie  metal, 
the  size  of  the  drill,  the  speed,  and  the  type  of' 
drill  used.  The  following  cutting  speeds  are 
recommended  for  using  high-speed  drills. 


(mi  POINT 
ANQLC 

OUTTIMOUP 


LIP 

CLEARANCE 
ANQLE 


Flgur*  9-8. 


(  MAAOIN  I 
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-Specif  icitiont  for  grinding  •  rtgular  point 
twiit  drill. 


*Z'*  (0.234  inch  to-  0.413  inch).  The  number 
Mzes  run  from  No.  80  to  No.  I  (0.0135  inch  to 
0.228  inch).  Number  size  drills  are  used  most 
often  in  optical  shops. 

DRILLING  OPERATIONS 


The  drill  Rress  is  the  first  macliine  tool  you 
will  learn  to  operate.  It" is  relatively  simpler  to 
opfrate  and  understand  than  other  machine 
toolsrin  the  shop,  but  skill  and  accuracy  in  its 
use  are  just  as  important  as  for  any  machine. 
The  drill  press  and  hand  held  drills  are  used  by 
•n  Opticdlman  more  than  all  other  machine 
tools  combined.  The  skill  that  you  develop  in 
uiing  a  drill  will  often  determine  whether  an 
optical  instrument  is  made  serviceable  or  is 
scrapped. 


ERIC 


Alloy  steel   50-70 

Machine  steel  70-100 

<^ast  iron  7G-150 

Brass  200-300 


The  cutting  speed  of  a  drill  is  expressed  in 
teet  per  minute  (fpm),  computed  by  multiplying 
the-  circumference  of  the  drill  (in  inches)  by  the 
revolutions  per  minute  (rpm)  of  the  drill.  The 
result  is  divided  by  12.  For  example,  a  1/2-inch 
dnll  with  a  circumference  of  approximately 
1  1/2  inches  turning  at  100  rpm  has  a  cutting 
speed  of  approximately  1  ?  feet  per  minute 


fp^    circumference  X  speed  (rpm  j 
.12 


fnm  =  (3-14  X  0.5)  X  100 


fpm=-^=  13.0^ 


This  cutting  speed  is  quite  low  coni^ansd 
with  the  table  above.  Work  the  formula  using  a 
speed  of  400  rpm  and  see  what  happens. 
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Tlie  FEED  of  a  drill  Is  the  rate  of 
penetration  into  the  work  for  each  revolution. 
Feed  Is  expressed  in^ousandths  of  an  inch  per 
revolution.  In  general,  the  larger  the  drill,  the 
heavier  the  feed  that  may  be  used.  Always 
decrease  feed  pressure  as  the  drill  breaks  througli 
the  bottom  of  the  work  to  prevent  drill  breakage 
and  rough  edges  on  the  work".  The  rate  of  feed 
•  also  depends  on  the  size  and  speed  of  the  drill, 
-thirirorteriffl  beitif  ilf  flrecf,  and  the  rigidity  6rtl\e 
setup.  , 

Drill  presses  used  in  the  optical  shop  are 
normally  limited  to"  four  to  six  different  spindle 
speeds  (controlled  by  V-belts  and  step  pulleys). 
The  deciding  factor  in  selecting  a  particular 
spindle  speed  is  the  size  of  the  drill  and  the 
recommended  cutting  speed  of  the  metal  being 
drilled.  If  your  drill  press  is  capable  of  operating 
at  550,  1500,  2100,  and  2700.rpm,  what  speed 
would  you  select  to  drill  brass  with  a  1/4-inch 
drill? 

200  fpm  =  L3^4JC  0.250)  XjrgmL 

DRl  LUNG  HINTS 

Many  factors  contribute  to  successful 
drilling.  Among  these, are  spindle  speeds,  rate  of 
feed,  selecting  a  property  sharpened  drill, 
claming  of  the  work,  and  the  basic  accuracy  of 
the  drill  chuck. 


I  Before  any  drill  qan  start  a  hole,  the  spot 
to  be  drilled  must  be  center  p'unched.  The  center 
punch  mark  will  keep  the  point  of  the  drill  from 
"walking  away*'  and  at  the  same  time  provide  a 
depression  for  the  cutting  lips  to  bite  into. 

2."  Select  the  correct  size  driU  for  the  hole 
you  wish  to  make.  For  small  holes  074  inch  or 
less)  you  can«use  the  same  size  drill.  For  larger 
holes,  or  when  extreme  accuracy  is  necjessar/, 
use  a  smaller  pilot  drill  fpllowed  by  the  finished 
slie  drill.  A1  times,*^  you  can  improve'  the 
accuracy  of  a  hole  by  starting  the  hole  with  a 
center  drill  (fig.  9-9).  Even  a  perfectly  sharpened 
drill  will  produce  a  hole  several  thousandths  of 
an  inch  oversize.  When  a  drill  has  been  ground 
with  unequal  length  cutting  lips,  you  may  end 


28.67X 

Pl9urf  »-9.-Comblntd  drill  in<^  oount«rilnk  (ctnt«r 

drill). 


Hp  With  a  .^5-  To  .Dt5-rh6lV  oversize  Tiole  witli 
small  drills.f  . 

3.  ChucK'the  drill  securely  in  the  drill  press 
and  turn  your  machine  on  and  off  to  check  for 
runout  (eccentricity).  If  the  drill  wobbles,' there 
could  be  a  burr  on  the  drill  shank,  chips  in  the 
chuck  or  drill  press  spindle,  or  a  bent  drill.  To 

>  correct  the  condition,  first  exaftiine  the  drill 
shank.  Small  burrs  can  be  filed  or  groUnd  away 
and  the  drill  can  still  be  used.  Next  clean  the 
chuck  and  drill  press  spindle  hole.  If  the  drill 
still  wobbles,  you  probably  have  a  bent  drill. 
The  working  parts  (fluted)  of  a  driU  are  brittle, 
but  the  shank  is  usually  ^fter  and  can  be 

•  carefully  tapped  into  aligniTOit  with  a  hammer 
handle. 

# 

4.  You  are  now  ready  to  clamp  your  work 
for  drilling.  Work  can  be  clamped  directly  to  the 
table  with  straps  and  holddown  bofts;  it  can  be 
held  in  a  machinist's  vise,  or  clamed  .  to 
V-blocks.  Always  mount  the  work  so  the  drill 

,  will  not  touch  the  table  or  vise  when  it  goes 
thrpugh  the  work; 

The  work  must  be  secured  to  prevent 
spinning  and  to  prevent  the  work  from  jumping 
as  the  drill  passes  through  the  bottom.  Either 
event  could  be  disastrous  to  the  operator  or 
bystanders.  No  one  should  be  willing  to  take  the* 
.^ance  of  losing  several  fingers  or  having,  a  chest 
slashed  by  a  piece  of  rotating  metal,  or  by  being 
hit  with  a  flying  vise. 

As  you  are  clamping  the  work,  position  the 
center  punch  mark  directly  under  the  drill  point. 
Small,  light  pieces  tend  to  center  themselves  if 
you  bring  the  drill  down  to  the  punch  mark.  For 
heavier  stock,  check  the  drill  head  on  and  90** 
either  left  or  right  as  you  set  the  point  on  the 
punch  mark.  If  the  drill  bends,  tap  the  work  into 
alignment  with  a  mallet,  then  clamp  it  down. 

NOTE:.  Always  wear  eye  protectidn  when 
drilling. 

.9 


on  l(  A  I.MAN  ^  Si  2 

 2* 


Now  start  tlio  drill  press  aiul  lightly  (ouch 
the  work  with  tho  drill.  Chock  lor  ptMlocI 
aligninorit  aiul  tnako  any  torrcttions  necessary 
heforc  proceeding  with  the  hole. 

5.  As  pfeviously  mentioned,  when  using  a 
sensitive  drill  press,  you  c'an  teel  what  the  drill  is 
doing.  (lenerally.  ^■inger^lp  pressure  is  sunieicnt 
lor  most  small  drilling  operations.  Pay  attention 
to  .sound,  vibration,  and  chips  produced.  Let  the 
drttt  do  The  "work.  If  you  Force  a  simiTl  drill  toq 
rapidly  into  the  work,  overheating  will  be  the 
least  of  your  problems.  You  do  not  want  to  have 
to  explain  to  your  shop  supervisor  why  a  $.500 
componen.t  is  ruined  because  you  broke  a  .SI 
drill  in  a  hole. 

If  the  drill  squeaks  while  in  use,  you  are 
operating  it  at  too  high  a  speed,  metal  has  built 
up  on  the  margin,  the  drill  is  dull,  or  there  is 
insul'ficient  lip  clearance.  When  you  hear  a 
snapping  sound  while  using  a  small  drill,  the  drill 
is  turning  too  slowly,  or  there  is  too  much  lip 
clearance. 

6.  I'or  drilling  brass  or  steel,  the  drill 
cutting  edge  should  he  niodilled  as  shown  in 
figure  9-10.  (Grinding  the  cutting  lip  surface 
parallel  with  the  axis  of  the  drill  strengthens  the 
cutting  surface,  prevents  digging  in,  and  greatly 
reduces  the  possibility  of  chipped  lips  or  broken 
drills. 

After  a  drill  has  been  sharpened  repeatedly, 
the  chisel  point  will  become  wider  \lue  to  the 
tapered  web  construction.  When  this  happens,  it 
is  difficult  to  start  a  drill  in  a  center  punched 
hole.  The  web  thickness  can  be  reduced  by 
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grinding  as  ,shown  in  figure  9-10  except  that  the 
drill  should  be  held  at  a  slight  angle  from 
vertical. 


Cutting  Liibriciints 


Lubricants  serve  sevt^rill  iinpOitaiU  fuuctions-- 
diiring  drilling.  Hiey  reduce  heat  and  friction, 
carry  chips  out  of  the  work,  and  provide  a 
smoother  hole.  Some  shallow  drilling  can  be 
done  dry  with  a  sharp  d^ll.  especially  in  brass 
and  aluminum;  however,  cutting  nil  is  essential 
with  hard  steel,  Brass  and  aluminum  tend  to 
build  up  on  the  margin  of  a  drill  during  dry 
drilling.  This  will  cause  galling  which  ruins  the 
drill  and  the  hole.  For  best  results,  use  a 
lubricant.  A  thin  solution  of  soluble  oil  is  very 
effective.  •  ■  • 


LATHES 

An  engine  lathe  such  as  the  one  shown  in 
figure  9- 1  | ,  or  one  similar  to  it,  is  fout^d  in  every 
optical  shop,  however  small.  is  used 
principally  for  turning,  boring,  facing,  and 
thread  cutting,  but  it  may  also  be  used  for 
drilling,  reaming,  knurling,  and  grinding.  The 
work  held  in  the  engine  lathe  can  be  revolved  at 
a  number  of  different  speeds,  and  the  cutting 
tool  can  be  accurately  controlled  by  hand  or 
power  for  longitudinal  and  crossfeed. 
f Longitudinal  feed  is  movemeivt  of  the  cutting 
tool  parallel  to  the  axis  of  the  lathe;  crossfet»d  is 
movement  of  the  cutting  tool  perpendicular  to 
the  axis  of  the  lathe.) 

Lathe  si/e  is  determined  by  Mwo 
measurements:  (I)  diameter  of  work  it  will 
swing  over  the  bed  and  (2)  length  of  the  bed. 
For  example,  a  14-inch  X  6-foot  lathe  wllkswing 
work  up  to  14  Inches  in  diameter  and  has  a  bed 
6  feet  long.  Kngine  lathes  i^re  built  in  various 
sizes,  ranging  from  s.ma)l  Bench  lathes  with  a 
swing  of  6  inches  to  very  large  lathes  for  turning 
work  of  large  diameter,  such  as  large  turbine 
roton.  Tlie  average  size  of  lathes  found  in 
optical  shops  is  8  to  1 6  inches. 
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PRINCIPAL  PARTS 

To  ledm  th«  operation  of  a  lathe,  you  must 
fmi  t^comc  famUiar  with  the  names  and 
Aictions  of  the  princinal  parts.  In  studying  the 
principal  parts  in  detaU,  remember  that  tethes  of 
different  manufacture  differ  somewhat  in  details 
of  construictionV  but  all  are  built  to  provide  the 
itme  general  functions*  At  you  read  the 
deioriptibiY  of  each  part,  find  itt  location  on  the 
iMhe  by  referring  tio  figure  9*11.  For  speotflc 
d«tiil8  on  the  feal^urea  of  coAstructlon  and 
opertting  t<»:6hrtiquei,  refer  to  the 
minufiieturer*!.  technic^  manual  for  the 
tiiicHint  you  are  using.   ]|       .  . 


Bed 


The  bed  is  the  baa?  or  foundation  of  the 
working  parts  of  the  lathe  Its  main  features  art 
the  ways  which  are  formed  on  i^s  upper  surface 
and  run  theftiU  length  of  the  bed.  Ways  provide 
the  me|ns  fl^r  itiaintilning  the  taUstOck  and 
carriage;^ which  slide  on  them,  in  alignment  #h 
the  heMstot^k,  which  is  permwcntly  secured  by 
bolts. 

i  Fi^re  9*f2  shows  the  ways  of  fiHypieal 
lathe,  The  Inverted  Vthtped  ways  l  /j5;  attd  4» 
and  the  flit  Wiy  2,  aw  accurat Ay  machined 
patallel  to  the  exis  of  the  spindle  ind  to  eicH 
others  The  V-ways  ,  are  guides  thtt 


m 
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FIguM  9>12.--R«ir  viwv  of  laii*. 


movement  over  them  in  a  longitudinal  direction 
only.  The  headstock  and  tailstock  are  aligned  by 
the  V-ways.  The-  flat  way,  number  2,  takes  molt 
of  the  downward  thrust.  The  carriage  slides  on 
the  outboard  V-ways  (1  a^d  4),  which,  because 
they  are  parallel  to  number  3,»  kfeep  it  in 
ilignment  with  the  headstock  and  tailstock  at  all 
tinies-an  absolute  necessity  if  accurate  lathe 
work  is  to  be  accomplished.  Some  lathe  beds 
have  two  V-ways  and  two  flat  ways  while  some 
others  have  four  V-ways. 

For  satisfactory  performance  a  lathe  must  be 
kept  ,in  good  c^pdition.  A  common  ^fault  of 
careteii  machinisti  It  to  use  the  bed  as  an  anvif 
fo^  driving  arboiit  or  as  a  shelf  for  hammers, 
iMTtn^hMi  and  chucks.  NEVER  allow  atiything 
to  itflke  the  ways  or  damage  their  finithed 
iiirfi«e In  any  wiy.  Kc^p  them  clean  and  frte  of 


emery^  dust  .and  chir».  Wipe  them  off  daily  with 
an  oiled  rag  to  help  preserve  their  polished 
surface. 

Headstock 

The  headstock  carries  the  headstock  spindle 
und  the  mechanism  for  driving  it  In  the 
bclt*drlvcn  tXPe  (Hg.  >r3)  the  driving 
mechanism  consist}  merely  o^  a  step  pulley  ^at 
drives  the  spindle  directly  or  throuj^  bacK  gears. 
When  beini  driven  dlregtly,  the  ipihdle  rovoNs 
with  the  biiB^y;  when  being  driven  through  the 
back*  gears,  ^  the  spindle  ravolvei  more  slowly 
than  th^  pulley  ,  Which,  In  this  caie,  turns' freely . 
oh  the  spindle.  Thus  two  speedi  are  obtainable 
with  each  position  of  the  belt  on  the  pulley;  if 
the  pulley  hii  fbur  steps  as  llluatrated*  eight 
ipittile  speedi  can  be  obtained.  . 
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Fifurt  •-13.->Mt^riv«h  typ*  hMditook. 


The  geared  hcadstocK  (fig.  9-14)  i&  more 
complicated  but  more  -convenient  to  operate, 
because  speed  can  be  change||  by  the  mere 
shifting  of  gears.  It  is  similar  to  an  automobile 
mnsmissioh  except  that  it  has  moit  gearshift 
combinations  and  therefore  a  greater  number  of 
speed  changes.  -  A  speed  index  plate  attached  to 
the  headstock  indicates  the  lever  positions  for 
the  different  spindle  speeds.  Always  stop  the 
lathe  when*  shifting  gears  to  avoid  possible 
damage  to  gear  teeth. 

The  headstock  casing  is  filled  with  oil  Tor 
lubricating  -the  gean  and  •  shifting  mechanism 
oontalrted  withih  It.  Thoie  parts  not  immersed  in 
the  m  m  lubricated  by  the  splash  produced  by 
the  levolving  gears.  You  muit  keep  the  oil  up  tp 
m  level  indioMed  on  the  oil  gage  and  drain  and 
ni^m  it  \^hen  it  becomes  dirty  or  gummy. 
.  The  headatook  spindle  is  the  rotating 
•Itmiiit  of  the  lathe  aird  is  directly  conit<^}|fd  to 


the  work  which  molves  with  it.  The  spindle  Is 
supported  y^n  bearings  at  each  end  of  the 
headstock  tjirou|h  whicfi  it  projects.  The  nose 
of  the  Ipinjl^e  holds  the  dlriving  plate,  faceplate, 
^Mchugjt^e  spindle  is  hdllpw  throughout  its 
>-*ngtir8o  thaf  bars  or  rods  can  be  passed  through 
it  and  held  in  a  chuck  at  Khe  nose.  The  chuck 
end  of  the  spindle  is  borbd  to  a  Morse  taper  to 
receive  the  live  center.  A  eear  at  the  other  end  of 
-the  spindle  drives  th^  feed  and  8crew=cutting~" 
mechanism  through  a  gear  train  located  on  the 
left  end  of  the  lathe. 

f  The  spindle  is  subjected  tp  consid^able 
torque  because  i(  not  only  drives  the  work 
against  the  resistance  of  the  cutting  tool  but  also 
drives  the  carri|ge  that- feeds,  the  tool  into  the 
work.  For  that  reason  adequate  lubrication  and 
accurately  adjusted  bearings  m  absolutely 
necessary.  (<^aring  adjustment  should^c  be 
attempted  only  \Sy  an  experienced  fathe 
repairman.) 

Taibtock 

The  primary  purpose  pf  the  tailstock  (fig. 
9-15)  is  to  hold  the  dead  center  to  support  one 
end  of  work  being  machined.  However,  it  can 
also  be  used  to  hold  tapered  shank  drills, 
reamers,  and  drill  chucks.  It  is  movable  on  the 
ways  jilong  the  length  of  the  bed  to 
accomihodate  work  of  varying  lengths  and  cin 
be  damped  In  the  desired  position  by  the 
tailstpck  clamping  nut  (13). 

The  dead  center  (I  I)  is  held  in  a  tapered 
hole  (bored  to  a  Morse  taper)  in  the  tailstock 
splndlb  (6).  Vou  can  m<5>ve  the  spindle  back  and 
forth  in  the  tailstock  barrel  for  longitudinal 
adjustment  by  the  handwheel  (9),  which  turns 
the  spindle-adjusting  screw  0)  in  a  tapped  hole 
In  the  spindle  at  (8).  The  #indle  is  kept  from 
revoking  by  a  key  at  (4)  that  fits  a  spline,  or 
key  way  (5)  cut  along  the  bottom  of  the  spindle 
asi  shown.  4  .|^ing  clamt^  (10)  tpcki  the- 
iplndle  In  plgeetfter  finel  adjuitment. 

The  tailstock  body  is  made  in  two  parts.  The 
bottpm  or  l^i*  (1)  li  fitted  to  the  ways;  the  top 
(2)  is  capabifl  of  lateral  movement  on  its  base.  ■ 
Settcre^frs  jifovWe  dose  adjustment  for  this 
lateral  movement.  Zero  marks  scribed  on  the 
bate  and  top  indicate  the  center  position. 
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Figurt  ^14.-9tkHno  OMr  typ*  htaditook 
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1.  TaliitockbM* 

2.  TAlIitocktop 
9.  taUitoek  nut 


Kcywty  (In  «plndl«) 

7.  T»<latoek  tprtw 

S.  tnt«rnal  thr«tda  in  iplndlt 


0.  Mandwhttl 

10.  SpUMtti  ItilAdlAC  oUttip 

12.  Snd  #t«ilitoQK  tpliw 

13.  TiiDitook  6l«mp  nut 

14.  TaUitoek  itt«6V«r 

11  Fjpr  otllnt  '    6.  , 

16.  Tallatook  eltmp  ^>lt 
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Before  insertiMjj  ;i  tloati,  center,  tbilh  or 
reamer.  careJully  cle;in  the  t;iperetl  siMiik  aiul 
wipe  out  the  tsipered  hole  ot  the  sipiiulle.  When 
holding  drills  or  re;iiners  in  the  tnperetl  hole  ofii 
spiiMlle.  be  sure  they  are  tight  enough  so  they 
will  not  revolve.  If  iillowed  to  ivvolve.  they  will 
score  the  t;ii>ered  hole  and  destroy  its  accuracy. 

Quick-Chanjije  Gears 


To  do  4iway  witli  the  inconvenience  and  loss 
of  time  involved  in  removing  and  replacing 
change  gears,  most  modern  lathes  iire  equipped 
with  a  selt-contaiiK'd  change  gear  meclianism 
con'unonly  called  the  QUlC'K-CHAN(;i-: 
CiliAKBOX.j^ere  .are  a  number  of  types  used 
on  differcn^Mies  hut  they  aiv  all  similar  in 
principle  (fig/9!.  10). 

the  mechanism  consists  of  a  eonc-shifped 
group  of  change  gears.  You  can  instanth 
connect  any  singje  gciir  in  the  gear  train  hy/\\ 
sliding  tumbler  gear  controlled  by  a  lc»vci>^liis 
cone  of  gears  is  keyed  to  a  shaft  which  drives  the 
lead  5crew  directly  or  through  an  intermediate 
shaft,  l-aeh  gear  in  the"  cluster  has  a.  different 


mnnbei  of  teeth  and  produces  a  different  gear 
ratio  when  connected  in  the  train.  To  increase 
the  range,  other  clianges  in  the  gear  train  can  be 
made   by,  sliding  ^ears  which  multiply  the  • 
number  of  different  ratios  obtainable  with  the 
cone  of  change  gears  described  above.  All 
changes  are  made  by  ^shifting. appropriate  levers  \ 
or  knobs.  Anjndox  plate,  or  chart,  mounted  on 
the  gear  box"  indicates  the  position  for  placing 
^he-levers -to-oUtiiin-thi'^neet;ssaf>^-geai^rtrtio-fo— 
cut  the  thread  or  produce  tlie  feed  desired. 

# 

Carriage  / 

.« 

The  primary  duty  of  the  carriage  assembly  is 
to  support  the  cuttii^;  tool  and  move  it  with 
extreme  accuracy  in  whatever  direction  required 
to  machine  a  piece' of  work.  The  accuracy  of 
.-ciUs  made  parallel  to  the  lathe  bed  is  dependent 
upcm  the  trueness  <i>f  the  ways;  the  accuracy  of 
cross  and  angular  cuts  depends  upon  the 
precision  that  is.built  into  the  carriage. 

Figure  9-17  shows  the  construction  of  a 
carriage  and  the  major  components  of  the 
carriage;  saddle,  cross-slide,  apron  and 
com(5ound  rest. 


SADDLH.  The  saddle,  when  viewed  fi^om 
the  top,  is  shaped  like  the  letter  H.  The  two 
arms  have  inverted  V's  machined  in  them  which 
fit  over  the  ways  and  guide  the  movement  of  the 
carriage  along  the  ways. 


CRO^IlIDE.-The  cress-slide  of  the 
carriage  mc  'es  the  cutting  tool  at  right  angles  to 
the  ways.  T  le  cross-slide  is  mounted  to  the  top 
oF  vtHe  saxfdle  by  a  dovetail  which  allows 
movement  across  the  carriage  but  prevent.s  side 
play.  ■  . 


FIflurt  d-16.-^Quick-ching*  seirbox. 
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APRON. -Attached  to  the  fp^nt  of  the 
carriage  is  the  apron.  Ili|pontain!j  W«  gearing  and 
mechanism  for  controlling  the  movement  of  the 
carriage  for  longitudinal  feed  and  thread  cutting 
and  the  lateral  movement  of  the  cross-slide.  You 
should  thoroughly  understand  the  apron  before 
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FRICTION  CLUTCHES  operate  by  levers  on 
the  apron  to  dngage  or  disengage  the  power  feed 
mechaniiuri.  Most  lathek  have  separate  chitches 
for  longitudinal  fccdand  crossfeed,  while  some 
lathes  have  a  single  clutch  for  both. 

There  is  a  feed  change  lever  for  selecting 
power  crossfeed,  longitudinal  feed  or.  in  the 
center  position,  for  cutting  threads. 

A  H^LF-NUT  CLOSURE  LEVER  engages 
and  dijjcpgagcs  the  lead  screw  for  cutting 
threads.  The  half-nuts  fit  the  thread  of  the  lead 
screw,  which  turns  iif  them  when  they  an 
clamiped  over  it. 


t:OMPOUND:  REST.~Thc  compound  rest 
9-13)  js  fitted  on  the  top  of  the  cross-slide 
oi)  a  sw^el  for  cutting  small  tapers  and  feeding 
ie  cutting  tool  at  any  angle  desired.  The  topxof 
the -compound  rest  also  moves  on  a  dovetail  like 
the  cross-slide^ 

The  toolpost,  which  holds  vjA-ious 
toolholders,  is  held  in  the  compound  rest  by  a 
T-slot. 


FlflMf*  ••ir-^ront  vitw  of  «»rriii«t  MMipbty. 


ATTACHMENTS 
AND  ACCESSORIES 


attempting  to  operate  the  lathe.  Study  figure 
9-17  very  closely  as  we  describe  the  main  parts 
df  the  apron. 


In  general,  a  lathe  apron  contains  the 
following: 


A  longitudinal  feed  HANDWHEEL  for 
moi^l  the  carriai*  by  hand  along  the  bed,  This 
haiHlwIieertuims  a  pinion  mt  nieshes  with  a 
tick  gcir  secwed  to  the  iathe  bed,  XJetr  trains 
mm  t|ie  Itad  mm  tiihimit  powe^  from 
f  •  '^  ^^M  itim  i!t\M  carHage  ildhg  the 
a^ilgitud&aj  fee4)  iitd  the  otoMi^t 
imi^\  m-  ./m^^  <h«|  providing 


••V4"' 


Thp  variety  of  accessories,  or  attachments, 
to  a  lathe  makes  it  the  most  versatile  machine 
to0i  in  the  shop.  In  the  mahufaptiiirer's 
insttuction  ,bookf  all  assodated  equipment  will 
be  listed  tor  the  particular  lathe  installed,  In  this 
s^ltipn  yft  will  describe  the  most  common  parts 
that  ag  Op.ticalman  uses. 

'Chuck'l^  ■  ". 

BHathe  ch^^  is  <i  device  for  holding  lathe 
mtk,: It  ji  mounted  on  the  nose  of  ih^jpindle. 
The  w0rH  is  heW  by  jaWs  whibh  can  be  moved  in 
radi^  sioti  toward  the  center  to  c|am^  down  on 
the  sidii  of  the  ^ork.  tiie  Mws  are  moved  ift  and 
•iH^by  icrewi  tMrned  by  a  chuck  wrench  applied 
^4he  sockets Ht  the  outer  eridi  of  the 
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1 .  Cross-slide. 

2.  Compoiiiul  rest  swivc 

3.  CoiupoutuI  rest  top. 

4.  Compound  rest  mit. 

5.  Compound  rest  teed 
screw  handle. 


6.  Crossteed  mit. 

7.  Chip  guard. 

8.  Swivel  securing  bolts. 

9.  Toolpost. 

10.  Toolpost  setscrew. 
I  I .  Toolpost  rocker. 


12.  Toolpost  ring. 

1 3.  Toolholder. 

14.  Cutting  tool, 

15. '  Micrometer  collar. 

16.  Tool  clump  bolt. 


Fiflur*  9-18.-Conipound  rtit. 
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The  4^jaw  independent  latlie,  chuck  (tig. 
V-I9A)  is  the  <nost  practical  chuck  for  general 
work.  It  provides  the  most  clamping  power.  The 
four  jaws  are  adjusted  one  at  a  tipie,  making  it 
possibltt^to  hold  work  of  various  shapes  and  to 
adjust  the  center  of  the  work  to  coincide  with 
the  center  of  the  lathe.  The  jaws  are  reversible 
for  inside  or  outside- clamping. 

The  3-|aw  univefsal.  or,  scroll,  chuck  (fig. 
9-I9B)  can  be  used  only  for  holding  round  or  " 
hexagoniil  work.  It  has  matched  .sets  of  inside 
and  outside  jaws.  All  three  jaws  are  moved  in 
and  out  together  in  one  operation  as  the  chuck 
wrench  is  turned.  This  chuck  is  easier  and  faster 
to  o|>erate  than  the  four-jaw  type,  but  wben  its 
parts  become  worn  its  accuracy  in  centering 
cannot  be  relied  upon.  Runout  is  quite  often 
frofti  .001  to  .030  inch.  Proper  lubrication  and 
constant  care  in  wse  are  necessary  to  ensure 
rt?liability. 


ERIC, 


When  you  need  to  hold  small  diameter  work 
such  as  screws,  pins,  and  small  rods  on  a  lathe,  a 
small  drill  chuck  such  as  that  shown  in  figure 
9-20  will  usually  be  better  suited  Tor  the  job 
than  the  larger  chucks  previously  described.  This 
type  of  chuck  has  a  Morse  taper  shank  that  will 
fit  both  the  head  spindle  and  the  tailstock  of  the 
lathe.  Pie  drill  chuck  has  universal  self-centering 
jaws  that  will  automatically  center  the  work 
when  it  is  clamped. 

The  drill  chuck  is  used  to  hold  center  drills 
and  straight  shank  drills  in  the  tailstock  for 
drillmg  operations  on  a  lathe. 

Collets 

The  best  way  to  accurately  hold  small  work 
m  a  lathe  is  with  the  draw-in  collet.  Figure  9-21 
shows  the  collet  assembled  in  place  in  the  lathe 
spindje.  The  collet  is  a' self-centering  holding 
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Wfuft  »19.>'A.  Four-jMT  otiuek.  B.  Thrtf  J«w  diuotc. 


device  that  is  y<Jry  accurate  and  most  often  used 
fbr  precision  work  In  the  optical  shop.  The 
coUet  is  a  split  cylinder  with  an  dutside  taper 
thait  fits  into  a  matching  tapered  closing  sleeve 
md  screws  hito  the  threaded  end  of  a  hollow 
dfiw  b*r.  tuming  the  hardwheel  of  the  hollow 
<|«w  bar  pulls  |he  collet  into  the  tapered  sleeve, 
thereby  closing  the  collet  firmly  around  the 
%ork  and  catering  it  In  the  h«ad  spindly.  The 
iHn  of  th«  center  hole  di^termlites  the  diameter 
of  the  work  thit  ciit  be  held.  Cojlefs  ar»  madi 


Figurt  9-20. -OHIl  chuek. 
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with  center  hole  size  ranging  from  1/64  inch  up 
and  graduated  in  1/64-inch  steps.  The  best 
results  are  obtained  when  the  diameter  of  the 
work  is  the  same  size  as  the  dimension  stamped 
on  the  collet. 

To  ensure  accuracy  of  the  work  when  using 
the  draw-in  collet*  be  sure  that  the  contact 
surfaces  of  the  collet  and  closing  sletove  are  ffee 
of  chips,  dirt,  and  burrs. 

Taper  Attachment 

-  .  /  '  ■      ■     '  r:  ^ 

The  taper  attachfttierit  (fig.  9^22)  is  Used  for 
turning  and  bbrin|  tapers.  It  moves  the 
cross-slide  laterally  *as  the  carriage  moves 
longitudinally,  causing  the  cutting  toot  to  m.ove 
at  Art  angle  to  the  axis  of  ihe  work  to  produce  a 
taper. 

The  angle  pf  the  t^per  desired  is  set  on  the 
glide  t>ar  of  the  attachmeht.  Qne  end  of  the  biV 
is  marked  in  degrees;  the  Other  end  Is  marked  in 
inphes  of  tiiper  per  feot  The  guide  bar  support 
is  clamped  to  tbe, lathe  bed.  Since  1he  cros»^slide 
is  cortitftcted  to  a  shoe  that  slide!  on  tli6  guide 
bar,  thrtool  follows  ilong  a  line  pafallel  to  the 
guid^  bar  at  w  angle  to  thfe  work  axis 
corrwipOhding  tO  the  desired  taper. 


•■  '-A-,- 


Chapter  9-MACHINE  TOOL  OPERATION 


OPTICALMAN  3  &  2 


The  operation  and  application  of  the  taper 
attachment  will  be  explainetl  further  in  the 
section  on  taper  turning. 

Center  Rent 

The  center  rest,  also  called  the  steady  rest,  is 
use^l  for  the  following  purposes: 

'    To  provide  an  intermediate  support  or 
__re&t  lor  long  -slendei^  bar^-or-  sh*fts  being 
.  maj;hined  between  centers.  It  prevents  them 
from  springing  undercut  or  sagging  as  a  result  of 
their  otherwise  unsupported  weight. 

2.  To  support  and  provide  a  center  bearing 
for  one  end  of  work  being  bored  or  drilled  from 
the  end  when  it  is  too  long  to  be  supported  by  a 
chuck  alone. 

The  center  rest  is  clainped  in  the  desired 
position  on  the  bed  on  which  it  is  properly 
aligned  by  the  ways,  as  illustrated  in  figure  9-23. 


The  jaws  (A)  must  be  carefully  adjusted  and 
lubricated  to  allow  the  work  (B)  to  turn  freely 
and  at  the  same  time  keep  it  accurately  centered 
on  the  axis  of  the  lathe.  The  top  half  of  the 
frame  Is  hinged  at  C  for  easy  positioning  without 
removing  the  work  from  the  centers  or  changing 
the  position  of  the  jaws'.  To  set  up  a  center  rest, 
turn  a  short  piece  of  stock  to  the,same  diameter 
as  the  work  to  be  supported,  Adjust  the  jaws  to 
bear  evenly  on  the  stoclj,  then  chuck  the  actual 
workpiece  and  iTiov?  the  resF  \h  fTie  desired 
location  on  the  lathe  bed.  ' 


Follower  Rest 


The  follower  rest  backs  up  work  of  small 
diameter  to  keep  it  from  springing  under  the 
stress  of  cutting.  It  is  named  for  its  function  -it 
follows  the  cutting  tool  along  the  work.  As 
sliown  in  figure  9-24,  it  is  attached  directly  t6 
the  saddle  by  bolts  (b).  The  adjustable  jaws  bear 
directly  on  the»,  finished  diameter  of  the  work 
opposite  the  cutting  tool.  As  with  the  center 
rest,  lubrication  is  .necessary  to  prevent  marring 
of  the  work. 


THE.tip(»K 


adjOstable 

JAWS 


LATHE 
BED 


FJgurt  9-23.-Cinttr  rtit. 


28.96X 


FIgurt  9-24.'-Followtr  rwt. 
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Thread  Dial  Indicator 

The  thread  dial  indibttor  (fig.  9-25) 
eliminates  reversing  the  lath^to  return  the 
carriage  to  the  starting  point  to  catch  the  thread 
at  the  beginning  of  each  successive  eUf*ipe  dial, 
which  is  geared  to  the  lead  screw,  indicates  when 
to  clamp  the  half-nuts  on  the  lead  screw  for  the 
next  cut. 

The  threading  dial  consists  of  a  wonn  wheel 
attached  tothir  end  oT  a  shaft  and  meshed 
with  the  lead  screw.  The  dial  is  the  upper  end  of 
the  shaft.  As  the  lead  screw  revolves,  the  dial 
turns  and  the  graduations  on  the  dial  indicate 
points  at  which  the  half-nuts  may  be  engaged. 

Carriage  Stop 

You  can  attach  the  carriage  stop  to  the  bed 
at  any  point  where  you  want  the  carriage  to 
stop.  It  is  used  mainly  for  «Urning.  facing,  or 
boring  duplicate  parts,  as  it  eliminates  repeated 
measurements  of  the  same  dimension.  In 
operation,  you  set  up  the  stop  at  the  point 
where  you  want  to  stop  the  feed.  Just  before 
reaching  this  point,  shut  off  the  automatic  feed 


and  carefully  run  the  carriage  up  against  the 
stop.  Carriage  stops  come  with  or  witl\out 
micrometer  adjustment.  Figure  9-26  shows  a 
micrometer  carriage  stop. 

NOTE:  Some  carriages  have  a  stop  which 
automatically  stops  the  carriage  by  disengaging 
the  feed  or  stopping  the  lathe.  This  type  of  stop 
is  called  AUTOMATIC  CARRIAGE  STOP,  and 
it.i%iM*A«ally  a  built-iii  feature  of  the  lathe  design. 

Lathe  Centers 

The  60"  lathe  centers,  shown  in  figure  9-27, 
hold  I  the  work  between  points  so  it  can  be 
turned  accurately  on  its  axis.  The  headstock 
spindia  center  is  called  the  LIVE  center  because 
it  revokes  with  the  work.  Hie  tailstock  center  is 
called  the  DEAD  center  because  it  does  not 
turn.  A  dead  center,  mounted  in  ball  bearings,  is 


Figurt  V-n.-Micromattr  oarriag*  stop. 
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available  for  most  lalhos.  I'his  center  tlocs  turn 
with  the  work.  Both  live  inul  tlead  centers  have 
shanks  turned  to  a  Morse  taper  to  lit  the  tapered 
holes  in  the  spindles:  both  have  points  finished 
to  an  angle  of  60'".  They  tliffer  only  in  that  the 
dead  center  is  hartlened  and  tempered  to  resist 
the  wearing  effect  of  the  work  revolving  on  it. 
The  live  center  revolves  with  the  work,  and  it  is 
usually  left  soft.  The  dead  center  and  live  center 
must  never  be  interchanged. 

NOTI-:  There  is  a  groove  around  the 
hardened  tail  center  to  distinguish  it  from  the 
live  center. 

The  centers  fit  snugly  in  the  tapered  holes  of 
the  headstock  and  tailstock  spindles.  If  chips, 
dirt,  or  burrs  prevent  a  perfect  fit  in  the 
spindles,  the  centef^  will  not  run  true. 

To  remove  the  headstock  center,  insert  a 
brass  roil  through  the  spindle  holt^  and  tap  the 
center  to  jar.it  loose;  you  cmi  then  pick  it  out 
with  y(5ur  hand.  To  remove  the  tailstock  center, 
run  the  spindle  back  as  far  as  it  will  go  by 
turning  the  handwheel  to  the  left.  When  the  end 
of  the  tailstock  screw  bumps  the  back  of  the 
center,  it  will  be  forced  out  of  the  tapered  hole. 

Mandrels 

4 

As  an  Optical  man,  very  often  you  will 
machjiK-  a  part  that  must  have  all  its  finished 
external  surfaces  running  trvie  with  a  hole  which 
extends  through  it.  You  can  best  accomplish  this 
operation  by  holding  the  part  to  be  machined  on 
a  mandrel.  There  are  several  types  of  mandrels 
used  by  machinists,  but  the  most  common 
mandrel  used  in  the  optical  shop  is  the 
expansion  mandrel  (tig.  9-28).  The  expansion 
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mandrel  is  composed  of  two  parh:  a  tapered 
pin,  which  is  turned  between  centers,  and  a  split 
shell,  which  is  tapered  on  the  inside  to  fit  the 
tapered  pin.  As  the  tapered  pin  is  pressed  into 
the  split  shell,  the  shell  expands  evenly  to  grip 
the  work  finnly.  Be  very  cautious  when  pressing' 
in  the  tapered  pin',  so  that  you  do  not  exert  too 
great  a  pressure  on  the  work. 

cUTrLNGrQQLs 


It  would  be  extremely  difficult  to  name  one 
particular  part  or  accessory  of  a  lathe  as  being 
the  most  important  to  overall  lathe  operation.  It 
is,  however,  very  easy  to  realize  that  the  cutting 
tool  most  affects  the  tjuality  of  the  work  done 
on  a  lathe.  You  must^  keep  the  cutting  tools 
sharp  and  have  them  ground  properly,  or  the 
finished  protluct  will  be  of  inferior  quality,  and 
in  most  cases,  useless. 

Most  of  the  functions  connected  with 
operating  a  lathe  are  automatic  (eatures  built 
into  the  design  of  the  machine.  The  cutting  tool 
is  not  one  of  these  features.  You  must  acquire 
the  knowledge  to  design  the  proper  tool  and  the 
skill  to  grind  cutting  tools  from  tool  blajiks.  The 
major  factors  in  designing  and  grinding  a  cutting 
tool  are  the  properties  of  the  maWial  to  be  cut, 
the  type  of  cut  to  be  taken,  and  the  composition 
of  the  cutting  tool.' 

The  majority  of  machine  work  done  in 
optical  shops  is  a  special  setup/one-piece 
operation,  so  the  cutting  tools  are  usually  made 
of  high-speed  steel. 

You  should  remember  that  a  metal  cutting 
tool  actually  *'puslies"  the  metal  apart.  As  a 
result,  the  pressures  exerted  on  the  cutting  tool 
at  its  cutting  edge  are  extremely  high,  and  the 
pressure  increases  as  the  rJite  of  feed  and  depth 
of  (;ut  increase.  The  pressure  causes  friction 
which  in  turn  causes  heat  to  be  generated. 


The  pressure,  exerted  on  the  cutting  tool  „ 
necessary  because  it  makes  the  cutting  action 
possible.  The  objective,  therefore,  is  to' produce 
a  cutting  tool  with  an  edge  that  will  require  a 
minimum  amount  of  pressure  to  force  it  through 
the  metal  and  still  withstand  the  cutting  pressure  - 
without  br/aking  or  wearing.  To  follow  this 
discussion  on  grinding  cutting  tools,  you  must 


■A 


9-22 


ERIC 


chapter  9^MACHINH  TOOL  OPERATION 


have  a  t\ill  understanding  of  the  tcm)itK>logy 
used     describe  the  cutting  tool.  ^ 

Cutting  Tool 
Nomenclature 

A  tool  blank  is  an  unground  piece  of 
toolstock.  After  it  is  grounds  it  is  called  u  tool 
bit.  Tool  blanks  are  available  in  sizes  from  1/8  to 
1  inch  square  and  in  proportional  lengths  from 
"abTjptr^to-»  Inches'.  The  pan  oTThe  Tom  BeTHh^ 
the  cuttihg  edge  is  called  the  shank.  The  terms 
right-hand  tool  and  left-hand  tool  are  applied  to 
tool  bits  in  relation  to  the  direction  they  move 
across  the  work  piece.  Ifsa  tool  cuts  while 
moving  from  right  to  left  (as  you  see  it,  standing 
in  front  of  the  machine),  it  is  a  right-hand  tool. 
A  left-hand  tool    just  the  opposite. 

Figure  9-29  shows  the  application  of  angles 
and  surfaces  used  in  discussing  single-edge  or 
single-point  cutting  tools. 


Side  rake  (fig.  9-29A)  is  the  angle  at  which 
t\\9  face  of  the  tool  is  ground  uj^vay  with  respect 
to  the  top  surface  of  the  tool  bit.  The  amount  of 
side  rake  influences  to  some  extent  the  size  of 
the  angle  of  keenness.  It  causes  the  chip  to 
**now**  to  the  side  of  the  tool  away  from  the 
cutting  edge.  For  cutting  aluminum,  increasing 
the  side  rake  angle  will  produce  better  results. 
Steel  is  easier  to  machine  when  the  side  rake  is 
decreased. 


The  side  relief  .(fig.  9-29A)  is  the  angle  at 
which  the  side  or  flank  of  the  tool  is  ground  so 
that  the  cutting  edge  leads  the  flank  surface 
during  cutting.  The  total  of  the  side  rake  and 
side  relief  subtracted  from  90"^  equals  the  angle 
of  keenness.  A  tool  with  proper  side  clearance 
concentrates  the  side  thrust  on  the  cutting  edge 
rather  than  on  the  flank  of  the  tool. 

Tlie  end  relief  (fig.  9-29B)  is  the  angle  at 
which  the  end  surface  of  the  tool  is  ground  so  . 
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that  the  end  face  edge  of  the  tool  clears  th* 
work  being  turned. 

Tfw?  back  rake  (fig.  9-29B)  is  the  angle  at 
which  the  face  is  ground  with  respect  to  a  plane 
parallel  with  the  top  surflice  of  the  tooL  It  is 
ground  primarily  to  cause  the  chip  cut  by  the 
tool  to  **flow''  back  toward  the  shank  of  the 
tool  and  a\yay  from  the  work.  Back  rake  may  be 
positive  or  negative;  it  is  positive  if  it  is  sloped 
downward  from  the  nose  of  the  tool  toward  the 
"Shanks  iirrd  negative  tf  The  angle  is  ifeVefsiecl. 
When  you  grind  a  tool  bit,  you  must  hold  the 
tool  blank  against  the  grinding  wheel  so  that  you 
form  the  side  rake  and  back  rake,  at  the  same 
time. 

Most  toolholders  you  will  use  position  the 
r  tool  bit  at  a  16  1/2""  angle  from  horizontal.  You 
must  take  this  factor  into  account  when  grinding 
back  rake.  In  some  cases  you  will  have  to  grind  a 
negative  back  rake  on  the  tool  bit  to  achieve  the 
correct  overall  rake. 

The  side  cutting  edge  angle  (fig.  9-29C)  is 
ground  to  prevent  the  point  of  the  tool  from 
digging  into  the  >^orkpiece  which  would 
probably  result  in  pulling  the  tool  into  the 
workpiece  deeper  than  intended.  Tlie  end 
cutting  edge  angle 'is  ground  so  that  the  end  face 
edge  of  the  tool  does  not  drag  over  the 
machined  surface. 

Note  the  radius  on  the  tool  nose  in  figure  ' 
9-29C.  For  rough  turning,  a  radius  of  1/64  inch 
is  effective  for  most  optical  shop  applications;  a 
radius  of  1/3^  inch  for  both  rough  and  finish 
work  is  quite  satisfactory. 

Tool  Grinding  Procedure 

The  following  steps  apply  to  all  types  of 
lathe  tool  bits. 

J.   Form  the  side  cutting  edge  angle  and 
side  relief. 

2»  Grind  the  end  cutting  edge  angle,  nose 
radios,  and  end  relief. 

3.  Grind  the  side  rake  and  back  rdke  angles. 

NOTE:  Tool  bits  are  extremely  hard,  so  ' 
eonsiderabie  grinding  will  be  necessary.  Quench 
the  tool  frequently  to  prevent  overheating. 


4.   After  carefVilly  grinding  all  faces  of  the 
tool  bit,  hone  the  cutting  surfaces  with 
V  an  oilstone.  Hiis  step  ensi/res  smoother 
cutting  action  and  prolongs  tool  life. 

Figure  9-30  shows  a  variety  of  commonly 
used  lathe  tool*  bits  and  their  applications,  The 
tool  design  preferred  for  most  turning 
operations,  however,  is  one  similar  to  that 
shown  in  figure-9-29. 

Figure  9-31  shows  the  toolholders  used  in 
optical  shops-  Either  left-hand  or  right-hand  tool 
bits  and  ,  threading  tools  can  be  held  in  the 
straight  shank  toolholder.  The  left-hand 
toolholder  is  used  for  right-hand  bits,  the 
right-hand  toolholder  is  used  with  left-hand  bits. 

KNOWLEDGE  OF  OPERATION 

Before  attempting  to  operate  any  lathe,  be 
,  sure  you  know  how  to  nni  it,  Read  all  operating 
instructions  that  come  with  the  machine.  Learn 
the  location  of  the  various  controls  and  how  to 
operate  them.  When  yoy  are  satisfied  that  you 
know  how  they  work,  Iheck  to  see  that  the 
spindle  clutch  and  the  power  feeds  are 
disengaged  and  start  the  motor.  Then  become 
familiar  with  all  phases  of  operation,  as  follows: 

1.  Shift  the  speed  change  levers  into  the 
various  combinations;  start  and  stop  the  spindle 
after  each  change.  Get  the  feel  of  this  operation. 

2.  Before  engaging  either  of  the  power 
feeds,  operate  the  hand  controls  to  be  sure  that 
the  parts  involved  are  free  for  running.  With  the 
spindle,  running  at  its  slowest  speed,  try  out  the 
operation  of  the  power  feeds,  and  observe  their 
action.  Be,  careful  not  to  run  the  carriage  too 
near  the  limits  of  its  travel,  and  NEVER  tallow 
the  compound  re^  to  run  into  a  rotating  chuck. 
Learn  how  to  reverse"  the  direction  of  feeds,  how 
to  disengage  them  quickly,  and  how  to  stop  the 
spindle  quickly. 

3.  Try  out  the  operation  of  engaging  the 
lead  screw  for  thread  cutting.  Remember  that 
you  must  disengage  the  carriagtj  feed  mechanism 
before  you  can  close  the  half-nuts  on  the  lead 
icrew. 
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4.  Practice  making  changes,  with  the 
quick-change  gear  mechanism  by  referring  to  the 
thread  and  feed  index  plaie  on  the  lathe  you 
intend  to  operate.  Remember  that  you  canwiake 
changes  in  the  gear  box  with  the  lathe  running 
slowly,  but  you  must  stop  the  lathe  lor  spindle 
speed  changes. 

Do  noV  treat  your  machine  roughly.  When 
you  shift,  gears  for  changing  speed  or  feed, 
remember  that  you  are  putting  solid  gear  teeth 
into  rneshj  with  each  other;  feel  the  gears  into 
engagement.  Disengage  the  clutch  and  stop  the 
lathe  |>efV)re  shifting. 

5.,  Always  wear  eye  protection  when 
operating  a  lathtv 

> 

Speeds  and  Feeds 

CUTTING  SPHHD  is  the  rate  at  which  the 
surface  of  the  work  passes  the  point  of  the 
cutting  ttx>l.  It  is  expressed  in  feet  per  minute. 

>To  find  the  cutting  speed,  multiply  the 
circumference  of  the  work  (in  inches)  by  tht< 
fiumber  of  revolutions  it  makes  per  minute 
(rpm)  and  divide  by  12  (circumference 
diameter  X  3.1416).  The  result 'is  the  peripheral 
or  cutting  speed  in  feet  per  minute  (fpm).  For 

<  •  ^ 


example,  a  2-in<>h  diameter  piece  turning  at  100 
rpm  will  produce  a  cutting  speed  of 

t:x3.i4i6)jyoo.„j,,.p,„ 

fit; I)  is  the  amount  the  tool  advances  in 
each  revolution  *of  tlu;  work.  It  is  usually 
expressed  in  thousan(lths  of  an  inch  per 
rc^volu  tioH-et^  t4ie-spindIe7^Tie  indent  phrte  un  the 
quick-change  gear  box  indicates  the  setup  for 
obtaining  the  feed  desired.  The  amoimt  of  feed 
to  use  is  best  determined  from  experience. 

Cutting  speeds  and  tool  Teeds  are  determined  * 
by  a  variety  of  methods:  the  hardness  and 
tou^iness  of  the  metal  being  cut;  the  quality, 
shape,  and  sharpness  of  the  cutting  tool;  the 
depth  of  the  cut;  the  tendency  of  the  work  to 
spring  hway  from  the  tool;  and  the  strength,  and 
power  of  the  lathe.  Sin«e  conditions  vary,  it  is 
good  practice  to  find  out  what  the  tool  and 
work  will  stand,  and  thcji  select  the  most 
practical  and  efficient  speed  and  feed  consistent 
with  the  finish  desired. 

If  the  cutting  speed  is  too  slow,  the  job  takes 
longer  than  necessary  and  often  the  work 
produced  is  unsatisfactory.  On  the  other  hand,  if 
the  speed  is  too  great,  the  tool  edge  will  dull 
quickly  and  frequent  grinding  will  be  necessary. 

The  cutting  speeds  possible  are  greatly 
affected  by  the  use  of  a  suitable  cutting 
lubricant.  For  example,  steel  which  can  be  rou'gli 
turned  dry  at  60  fpm  can  be  turned  at  about  80 
fpm  when  Hooded  with  a  good  cutting  lubricant- 
Some  of  the  recommended,  approximate 
cutting  speeds  for  various  metals,  using 
high-speed  steel  bits,  art  shown  below. 


Metal 

Roughing 

Finishing 

Thread- 

cut 

cut 

cutting 

(rpm) 

(fpm) 

(tpm) 

Cast  iron 

60 

80 

Machine  steel 

100 

150. 

3^ 

Tool  steel 

50 

75 

20  \ 

Brass 

150  / 

200 

50 

Bronze 

90/ 

100 

25 

Aluminlun. 

400 

50 

0 
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Rough  Cuts 

When  roughing  parts  down  to  si/.e,  use  the 
greatest  tiepth  o(  cut  and  teed  per  revolution 
that  the  wor^:.  the  machine,  and  the  tool  will 
stami  at  the  highest'  P^ictical  speed.  On  many 
piecys.  when  tool  failure  is  the  limiting  (actor  in 
the  size  of  roughing  cut/  it  is  usually  |K>ssible  to 
reduce  Ww  speed  slightiy  and  increase  the  feed 

 JO-  li,  PQjiit  tlmt__tlit_  is  mudv 

greater.  This  ^ill  prol(/ng  tool  life.  Consider  this 
example:  the  depth  of/cut  is  I  /4,inch,  the  feed  is 
.020'  inch  per  revoluiion.  and  the  speed  iis  80 
fpm.  If  the  tool  will/not  permit  additional  feed 
at  this  speed,  it  is  Usually  possible  to  drop' the 
speed  to  60  fpni  an<i  increase  the  feed  to  about 
,040  inch  per  revolution  without  havingiipol 
trouble.  The  speed  is.  therefore,  reducecrll% 
but  the  (eed  increased  100%.  .so  that  the  actual 
time  required  to  complete  the  work  is  less  with 
the  second  setup. 

Finish  Cuts. 

On  the  finish  turning  operation  a  very  light 
cut  is  taken,  since  most  of  the  stock  has  been 
removed  on  the  roughing  cut.  You  can  usually 
use  a  fine  feed,  making  it  possible  to  run  at  a 
higher  surface  speed.  A  507c  increase  in  speed 
over  the  roughing  spi,'ed  is  commonly  used.  In 
any  event  you  should  run  the  work  as  fast  as  the 
tool  will^  withstand  to  obtain  the  maximum 
speed' in  this  operation.  Be  sure  to  use  a  sharp 
tool  when  finish  turning. 

Lubricqpts 

A  cutting  lubricant  serves  two  main 
purposes -it  cools  the'  .tool  by  absorbing  a 
portion  of  the  friction  heat  produced  by  the 
cutting  action,  and  it  lubricates  the  cutting  edge 
to  prevent  a  buildup  of  metal.  A  cutting 
lubricant  also  keeps  |he  chips  flushed  away  from 
the  tool. 

The  best  lubricants  for  cutting  metal  must 
often  be  determine^  by  experiment.  Ordinary 
petroleum  base  oU  js  often  used>  (^ut  soluble  oil 
mixed  with  varying  amounts  of  vyat^r  are  usually 
suitable  for  mOst  metals--espe(^ally  when 
coolant  action  rather  than  lubricatioti  is  desired. 
Other  cutting  lubricants  marketed  umjer  various 
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names,  iwc  also  used,  but  these  are  expensive  and 
uicd  mainly  in  manufacturing  where 
high-cuttiifg  speeds  are  the  rule, 

Tlie  usual  lubricants  tor  turning  metals  are: 


Metal 

Lubricfli# 

Cast  iron 

Usually  worked  dry 

Mild  steel 

OH  or  $%  ^oliition  of  sohiblr 

oil 

Hard  steel 

Mineral    lard    oil    or  10% 

solution  ofsoluble  oil 

Monel  metal 

Mineral    lard    oil    or  20% 

solution  of  soluble  oil 

Bronze 

Dry  or  5%  solution  of  soluble 

oil 

Brass 

Dry  (kerosene  is  sometimes 

used  on  the  hard  composition) 

Aluminum 

,Dry   or  Jcerosene*  or  a  5% 

solution  of  soluble  oil 

For  threading,  a  lubricant  is  more  important 
than  for  straight  turning.  Mineral  lard  oil  is 
recommended  for  threading  in  all  steels  and >;ast 
iron,  and  kerosene  mixed  with  oil  for  aluminum 
and  brass. 

Maintenance 

Maintenance  is  an  important  part  of 
operational  ptocedur^  for  lathes.  The  primary 
requisite  is  PROPER  LUBRICATION.  Make  it  a 
point  to  oil  your  lathe  daily  where  oil  holes  are 
provided.  Oil  the  ways  daily-not  oniy  for 
lubrication  but  to  protect  their  scraped  surfaces. 
Oil  the  lead  screw  often  whjle  it  is  in  use  to 
preserve  its  accuracy.  A  worn  lead  screw  lacks 
precision  in  thread,  cutting.  Be  sure  the 
headstock  is  filled  up  to  the  oil  level;  drain  out 
and  replace  the  oil  when  it  becomes  djrty  or 
gummy.  If  your  lathe  has  an  automatic  oiling 
system  for  some  parts,  be  sure  all  those  parts  are 
getting  oil.  Make  it  a  habit  to  CHECK  frequently 
for  lubrication  of  all  moving  parts. 

Do  NOT  neglect  the  motor  just  because  it 
may  be  out  of  sight;  check  its  lubrication.  If  it 
does  not  run  properly,  notify  the  Electrician's 
Mate  whose  duty  it  is  to  care  for  it.  He  will 
cooperate  with  you  to  keep  it  in^ood  condition. 
In  a  machine  that  has  a  belt  drive  from  the 

9-27    '  ■ 


OPTICA LM AN  3  &  2 


motor  to  the  lathe,  avoid  O'l  or  grease  on 

thcjbelt  when  oiling  the  lathe  or  motor. 

^  Keep  your  lathe  CLKAN.  A  clean  and  ordel-|y 
1^  machine  is  un  indication  of  a  good  mechanic, 
I  Dirt  and  chips  on  the  ways,  on  the  lead  screw, 
and  on  the  crosst'eed  screws  will  cause  serious 
wear  and  impairUhe  accuracy  of  the  machine. 
When  you  |X>Ushywork  on  a  lathe  with  ena-ry 
cloth,  protect  the^ways  with  rags  or  paper. 

^"^^y*"*^  f^ll  ^enchcs,  filcs^br  other  lools 
on  I  he  ways. 

NbiVKR  use  the  btd  or  carriage  as  an  anvil. 
Reni^iibcr  that  the  lathe  is  a  precision  machine 
aijj^  noting  should  be  allowed  to  destroy  its 
Accuracy. 

ft 

LATHE  OPERATldN 

The  basic  function  of  a  lathe  is  to  remove 
metal,  by  means  o|.a  suitable  cutting  tool,  from 
a  piece  of  work  which  is  securely  supported  and 
made  to  revolve.  This  basic  function  is  applied 
to  general  latlkp  operations  for  straight  turning, 
taper  turning,/6oring,  facing,  drilhng,  and  thread 
cutting. 

The  wide  range  of  operations  that  can  l)e 
performed  on  a  lathe  maKifs  it  the  most  valuable 
machine  tool  available.  Op  to  this  point,  you 
have  studiiM  the  construction  of  a  lathe,  the 
accessories  and  the  various  tools  used  on  it.  Now 
you  will  be  given  additional  information  to 
coiiibine  the  tools  and  the  machinery  for 
effective  applications. 

It  is  important  that  you  study  the  blueprint 
of  thtt  piece  to  be  manufactured  before  yoii 
begin  machining.  Check  over  thfc  ditftensions  aiitl 
note  the  points  or  siirfaces  from  which  they  are 
laid  out.  Plarf  the  steps  of  your  work  in  advance 
to  determij[ie  the  best  procedure.  Be  sure  that 
the  stock  you  intend  to  use  is  large  enough  for 
the  job. 

Mounting  Work 

Accurate  machihing  cannot  be  performed  if 
Vvork  is  itnproperly  m<^unted.  Requirements  lot- 
proper  mounting  are: 

1 .  The,  work  centerlinc  must  be  aecurateiy 
centered  with  the  axis  of  the  lathe  spindle. 


2.  The  woi'k  mw&Klxv  rigidly  held  while 
being  turne((.  \  v 

3.  The  work  must\ot  be  sprung  out  of 
shape  by  the  holding  device. 

4.  The  work  must  be  adequately  supported 
against  any  sagging  caused  by  its  own  weight  and 

,  against  springing  caused  by  the  action  of  <t|ie 
cutting  tool. 

Tliero  are  three  general  4ncth9ds  for  holding 
work  in  the  lathe  for  optical  shop  purposes.  (I)' 
between  centers.  (2)  on  a  mandrel,  and  (3)  in  a 
ehuck.  The  most  common  chuck  usecU^for 
general  optical  shop  machining  is  the  thr^aw 
l^niversal.  When  accurate  centering  or  holding 
power  is  not  critical,  and  a  rapid  setup  is  desired, 
the  three  jaw, chuck  will  be  satisfactory  for  all 
a|)plications. 

Whenever  you  chap^e  chucks,  threads  and 
mating  surfaces  must  be  perfectly  clean  and  free 
of  chips.  Always  use  a  block  of  wood  to  cover 
the  ways  when  installing  or  removing  a  chuck. 

If  a  chuck  is  to  be  used  for  holding  work,  be 
sure  enough  stocKux tends  so  you  do  not  have  to 
rechuck  thtswork. 

Centering  the  Work  • 

When  additional  m;>chining  is  to  be  done  on 
round  stock  which  is  turned  to  finished  size,  the 
most  practical  method  of  holding  the  work  is  to 
use  a  collet.  Collets  are  extremely  accurate  and 
need  no  centering  flcliustments.  If  the  stock  is  an 
odd  si/ei^r  if  it  will  n9t  fit  any  available  collet, 
use  a  4-jaw  chuck  and  "dial  indicator  as  shown  in 
figure  9-32. 

Place  copper  or  aluminum  shihis  between  ' 
the  stock  and  chuck  jaws  to  prevent  marring  of 
the  work,  then  lightly  tighten  the  jaws.  NOTE: 
Never  operate  a  lathe  until  you  remove  the  ' 
chuck  wrench. 

Pe  sure  the  end  of  the  stock  is  resting  on  the  * 
face  of  the  chuck  if  the  stock  is  larger  than  the 
center  hole  in  the  chuck.  Place  the  point  of  the 
indicator  on  the  stock,  m\d  spin  the  chuok 
slowly  to  note  the  amount  and  direction./bf 
runout.  The  chuck  jaws  are  numbered  to  in6ke 
this  task  easier.  When  you  determine  which  way 
to  move  the  stock,  remember  to. loosen  the  jaw 
on  one  side  before  tightening  the  opposing  jaw, 
||l^n  check  runoitt  again.  * 
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Figurt  9  32.-C«ntflrino  work  with  •  dial  indicator. 

Centering  work  in  a  4-jaw  chuck  is  generally 
by  trial  and  error,  but  with  a  little  practice  you 
can  usually  eliminate  runout  with  just  ay  few 
a4|u!;^nent$.  - 

Ortce  the  work  is  running  true,  take  up 
evenly  on  all  4  jaws  and  check  runout  again.  The 
work  must  be  chucked  tightly,  but  not  so  tightly 
as  to  distort  it. 

Center  Drilling' 


Jlkt 


A  (fhter  hole  must  be  drilled  if  the  end  of  a 
piece  of  stock  is  to  be'drilled  or  if  it  is  to  be  held 
in  a  center.  Figure  9-331.  shows, the  method  for 
center  drilling  a  short  shaft.  Figure  9-34  shows  a 
long  shaft  supported  with  a  center  rest. 


1 


fifurt  •«33.~prlitlrt9  ««nt«*  Holt. 
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Figurt  9-34.-Work  mounttd  in  •  chuck  and  canttr  rt«t. 


A  correctly  formed  center  holfe  must  sup^rt 
the  center  and  allow  clearance  for  the  center 
poi/it,  as  shown  in  figure  9-35 A.  The  dead  center 
is  subjected  to  cohsiderabe  friction  and  pressure 
so  it  must  be  properly  lubricated.  If  center 
drilling  is  too  deep  (tig.  9-3 5 ft)  or  incorrectly 
shaped  (fig.  9-35C)  the  work  will  not  be 
adequately  supported,  v. 

Figure  9-36  shows  the  correct  size  center 
drills  to  use  for  various  stock  diameters. 

Turning  Between  Centers 

When  it  is  not  pi|ctlcal  ot  desired,  to  clamp 
work  in  a  chuck,  or  if  ypu  are  igiachinihg  a  piece 
held  on  a  mandrel,  t^rning  bet\i\reen  centers  will 
be  hecessary.  Always  align  the  Renters  as  shown 
in  figure  9-37  priojr  to  moun|ng  the  work. 
NEVER  iissume  that  the  cenffs  are  already 
aligned.  Even  a  sliglit  amount  (ff  fhisalignmerit 


m«ura  9-3B;-^examp(tt  of  otntar  holai. 
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COMBlNto  DRILL  a  COUNTERSINK 
/I  I  ' 


NO.  OF  COMB,  DRILL 
AND  COUNTERSINK 

DIA.OF  WORK 
W 

LARGE  Diameter  oV 

COUNTERSUNK  HQLEW 

DIA.OF^  DRILL 
D 

DIA.  OF  BODY 
F 

1 

TO  5,^; 

-  - 

•3/" 

-r 

 .  ^ — ^  , 

-V^TO  I- 

^6 

i.     '/|6  ♦ 

3 

—  .  -  ■  . —  I 

1  '/4  TO  2" 

•/4 

 'is^  

hi 

■  4 

 ■ — t  1  

2  '/4  TO  4" 

-  H 

'/l6 

•1 

732 

he 

Figure  9-36.-Correct  sire  of  center  holes. 
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Fiflurt  9-37  -Aligning  lathe  centers. 


Will  produce  tiiper  rather  than  a  consistent 
diameter. 

•  Notice  the  .setup  in  figure  9-38.  A  lathe  dog 
is  clamped  to  the  shaft  near  the  headstock.  A 
projection  on  the  dog  rests  in  a  slot  in  the 
faceplate,  thereby  turning  the  shaft.  Also  notice 
that  a  follower  rest  is  used  to  prevent  the  shaft 
from  springing  away  from  the  cutting  tool. 

Before  turning  accurate  work,  you  should 
test  the  mandrel  on  centers  before  placing  any 
work  on  it:  The  best  test  for  runout  is  made 
with  an  indicator.  The  indicator  is  mounted  on 
the  to^lpost  and  applied  to  the  mandrel  as  it  is 
turned  slowly  between  centers.  Any  runout  will 
then  be  registered  on  the  dial  which  is  graduated 
In  thousandths  of  an  inch.  If  there  is  riinout  and 
you  cannot  correct  it  by'cleaning  the  live  center 
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Figure  9-38.-Follower  rest  supporting  wdrk  turned 
between  centers. 


and  headstock_  spindle,  the  mandrel  itself  is  at 
fault  (assuming  that  thejathe  centers  areMrue) 
and  cannot  be  used;  The  countersunk  holes  may 
have  been  damaged,  or  the  mandrel  may  have 
been  bent  by  careless  handling.  Be  sure  to 
always  prot^  the  ends  of  the  mandrel  when 
pressing  or  dnVmitit  into  the  work. 

When  taking  roughing  cuts  on  a  piece  of 
work  mounted  on  a  mandrel,  you  must  have  a 
tighter  press  fit  than  fo^  finishing.  Therefore, 
you  should  remove  thin  walled  ttietal  from  the 
mandrel  after  the  roughing  cut.  and  reload  it 
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lightly  on  the  marulrel  before  taking  the  finish 
out. 

Setting  the  Qitting  Tool 

The  first  requirement  for  setting  the  tool  is 
to  have  it  rigidly  mounted.  Be  sure  the  tool  sets 
squarely  in  the  toolpost  and  that  the  setserew  is 
tight.  Reduce  overhang  as  much  as  possible  to 

jKemU  springing  wlicii  cuttiiig  If  the  tool  has 

too  much  spring,  the  point  of  the  tool  will  catch- 
in  the  work  causing  chatter  and  damage  to  both 
the  tool  and  the  work.  The  distances  represented 
by  A  and  B  in figure  0  39  show  the  correct 
overhang  for  the  tool  bit  and  the  holder.  ^ 

The  point  of  the  tool  must  be"  correctly 
positioned  on  the  work.  Place  the  cutting  edge 
slightly  above  the  center  for  straight  turning  of 
steel  and  cast  iron.  ancKcxactly  on  the  center  for 
all  other. work  and  metals.  To  set  the  tool  i\t  the 
height  desired,  position  the  roeker  under  the 
toolholder.  By  placing  the  tool  point  opposite 
the  tailstock  center  point,  you  can  adjust  the 
setting  accurately. 

If  you  are  unaware  of  the  meaning  of  the 
word  '*chat,ter."  you  will  learn  all  too  soon  while 
working  with^  machine  tool  of  any  description. 
Briefly,  £hattor  is  vibration,  in  either  the  tool  or 
the  wor(^  wliich  causes  a  grooved  or  lined  finish 
instead  of  the  smooth  surface  that  is  to  be 
expected.  The  vibration  is  set  up  by  a  weakness 
in  the  work,  work  support,  tool,  or  toc?l  support. 
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f  igurt  9-39. -Tool  ovtrhang. 


and  is  about  the  hardest  thing  to  find  in  the 
entire  field  of  niachine  work.  As  a  general  rule, 
strengthening  the  various  parts  of  the  tool 
support  train  will  help,  or  you  may  need  to 
regiind  the  tool  bit.  Also,  fou  should  support 
the  work  with  a  center  rest  or  follower  rest. 

Machine  adjustments  may  be  the  cause  of 
chatter.  (Jibs  may  be  too  loose  or  bearings  may 
be  worn  after  a  |ong  period  of  heavy  sei^ice.  If 
t  he  machine  4s  4n  perfect  eondit  ion r  the  faiHt- 
will  be  in  the  tool  or  tool  setup.  Grind  tho  tool 
nose  to  a.  smaller  radius  and  avoid  a  wide,  round 
leading  edge  on  the  tool.  See  that  the  work 
receives  proper  support  for  the  cut,  and,  above 
all,  do  not  try  to  turn  at  a  surface  speed  that  is 
too  high.  Excessive  speed  is  probably  the 
greatest  cause  of  chatter,  and  the  first  thing  you 
should  correct  when  chatter  occurs. 

Turning 

Turning  is  the  machining  of  excess  stock 
f(om  the  periphery  of  the  workpiece  to  reduce 
the  diameter.  In  most  machining  operations  that 
require  rtMUOvaj  of  large  amounts  of  stock,  a 
series  of  roughing  cuts  is  taken  to  remove  mo!>t 
of  the  excess  stock;  then  a  finishing  cut  is  taken 
to  accurately  '  size''  the  workpiece.  The  proper 
tool  should  be  selected  for  taking  a  heavy  tut. 
The  speed  of  the  work  and  the  amoUnt  of  feed 
of  the  tool  should  be  as  great  as  the  tool  will 
stand. 

-When  taking  a  rougliing  cut  oh  steeK  cast 
iron  or  any  other  metal  that  has  a  scale  upon  its 
surface,  be  sure  to  set  the  tool  deep  enough  to 
get  under  the  sijale  in  the  first  cut.  Unless  yoq 
do,  the  scale  on  the  metal  will  dull  the  point  of 
the  tool.  . 

Figure  9-40  shows  the  position  of  the  tool 
for  taking  a  heavy  cut  on  large  work.  The  tool 
should  be  set  so  that  if  anything  occurs  during 
machining  to  change  the  position  of  the  tooh  it 
will  not  dig  into  the  work,  but  will  move  the 
direction  of  the  arrow-away  from  the  work. 
Setting  the  tool  in  this  posit ioft  sometimes 
prevents  chatter. 

Regardless  of  how  the  work  is^^hcjd  in  the 
lathe,  the  tool  should  feed  toward  the 
headstock.  In  this  way  most  of  the  pressure  of 
the  cut  will  be  exerted  on  the  workholding 
device  and  spindle  thrust  bearings.  When  it  is 
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FItfur*  9-40. -Poflft ion  of  tool  for  hMvy  cut. 

necessary  to  feed  the  cutting  tool  toward  the 
tailstock,  take  lighter  cuts  at  reduced  feeds. 

The  work  should  be  rough  machined  to 
almost  the  finished  size;  then  bo  careful  in 
measuring. 

Bear  in  mind  that  the  diameter  of  the  work, 
being  turned  is  reduced  by  an  amount  equal  to 
twice  the  depth  of  the  cut;  thus,  if  you  want  to 
reduce  the  diameter  of  a  piece  by  .010  inch,  you 
must  remove  .005  inch  from  the  surface. 

When  the  work  has  been  rough. turned  to 
within  about  1/32  inch  of  the  finished  size,  take 
a  finishing  cut.  A  fine  feed,  the  proper  lubricant., 
and  above  all  a  keen-edged  tool  are  necessary  to 
produce  a  smooth  finish.  Measure  carefully  to  be 
sure  that  you  are  machining  the  work  to  tbe 
proper  diinension.  Stop  the  lathe  when 
measuring. 

Where  very  close  limits  arc  to  be"  held,  be 
sure  that  the  work  is  not  hot  when  you  tajke  the 
finish  cut.  Cooling  of  the  piece  will  leave  it 
undersized  if  it  was  turned  to  the  exact  size 
while  hot. 

Perhaps  the  most  difficult  operation  for  a 
beginner  in  machine  work  1^  to  make  accurate 
measurements.  So  much  depends  on  the 
accuracy  of  the  work  that  you  should  make 
every  to  become  proficient  in  the  use  of 

IneasurlH^lstruments-  A  certain  'Teel"  in  the 
use  of  micrometers  is  developed  through 
experience  alone;  do  not  be  discournged  if  your 
first  efforts  do  not  produce  perfect  results. 
Practice  taking  micrometer  measurements  on 
pieces  of  known  dimensions.  You  will  acquire 
skiJI  if  you  are  persistent, 


Machining  to  a  shoulder  is  often  done  by 
locating  the  shoulder  witi)  a  parting  tool  as 
shown  at  "P"  in  figure  9-41.  Insert  the  parting 
tool  about  1/32  inch  from  the  shoulder  line,  and 
enter  the  work  to  within  1/32  inch  of  the 
finished  diameter  of  the  work.  Tlien  machine 
the  stock  by  taking  heavy  cuts  up  to  the 
shoulder  thus  niade.  Shouldering  eliminates 
repeated  measuring  and  speeds  up  production, 
tlien  you  can  take-  a  finishings  eu4  to  aeeu^rate 
measurement. 

Facing 

Facing  is  the  machining  of  the  end  surfaces 
and  shoulders  of  a  workpiecc.  In  addition  to 
squaring  the  ends  of  the  work,  facing  provides  a 
means  of  accurately  cutting  the  work  to  length. 
Generally,  in  facing  the  workpiece,  only  light- 
cuts  are  needed  as  the  work  will  Jbave  been  cut 
to  approximate  length  or  rough  machined  to  the 
shoulder. 

Figure  9-42  shows  the  methods  of  facing  the 
end  of  a  shaft,  A  right-hand  tool  is  used  as 
shown,  and  a  light  cut  is  taken  on  the  end  of  the 
work,  feeding  the  tool  (by  hand  or  power 
crossfeed)  from  the  center  toward  theoutsi^fe. 
One  or  two  cuts  are  taken  to  remove  sufficient 
stock  to  true  tlic  work. 

^  Figure.  9-43  shows  the  application  of  a 
turning  tool  in  finishing  a  shouldered  job  that 


28.133X 


Figure  9-41  .-Machining  to  a  ihouldar. 


Figure  9-42.-Faclnti  tht  and  of  •  ihaft. 
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Figurt  •  43.-FMin«  •  shoulder. 


has  a  nilt't  corner.  A  finish  cut  is  taken  on  the 
small  diameter,  and  the  fillet  is  machined  with  a 
light  cut.  Then  the  tool  is  used  to  face  from  the 
fillet  to  the  outside  diameter  of  the  work. 

In  facing  large  surfaces  the  carriage  should 
be  locked  in  position,  since  only  crossfeed  is 
needed  to  transverse  the  tool  across  the  work. 
With  the  compound  rest  set  at  90**  (parallel  to 
the  axis  of  the  lathe),  the  micrometer  collar  can 
be  used  to  feed  the  tool  to  the  proper  depth  of 
cut  in  the  face.  For  greater  accuracy  in  obtaining 
a  *iven  size  in  finishing  a  face,  the  compound 
rest  may  be  set  at  30*".  In  this  position, 
one-thousandth  of  an  ineh  movement  of  the 
compound  rest  will  move  the  tool  exactly 
one-half  of  a  thousandth  of  an  inch  into  the 
work.  (In  a  3Q*'-60*'  right  triangle,  the  length  of 
the  side  opposite  the  30*  angle  is  eqtial  to; 
.  one-half  the  length  of  the  hypotenuse.) 

Boring 

Boring  is  the  saVne  as  turning,  except  that 
cuts  arc  taken  from  the  ihsidfe  surface  of  the 
.  work.  If  the  outside  surface  is  running  true,  a 
bored  hole  will  be  perfecjly  concentric,  Stock  to 
be  bored  can  be  held  in  a  chuck  or  collet,  and 
long  pieces  should  be  supported  with  a  center 
fest.  ;  ■ 

Figure  <M4  shorn  a  boring  bar  Ihd .  holder 
A^v  With  Insert  type  too^bits  used  In  the  boring  bar, 
.    ts  Welfas  the  applicaifon  of  th«  >orlt)g  bar  for 
Internfti  threading  and  boring.  If  the  hole  does 
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Figur*  044.->Appllc«tioh  of  boring  bir  hotdtr. 


not  go  through  the  work,  set  the  tooLbit  as> 
sho'wn  so  you  can  face  off  the  bottom'of  the 
hole  to  proper  depth. 

In  most  boring  setups,  you  will  need  to  drill 
a  hole  in  the  workpiece  to  provide  clearance  for 
the  boring  bar  and  tool  bit.  Start  the  hole  with  a 
center  drill,  th^n  use  as  many  drills  of  increAsirig 
fize  as  necessary  to  approach  the  finished  size 
desicedV  When  drilling  deep  hole$,  use  a  coolant 
and  completely  withdraw  the  drill  frequently  to 
clear  chips. 

When  a  piece  of  work  hiust  be  reamed  to^ 
exact  size  and  the  correct  drill  is  not  availably, 
boring  is  the  only  solution.  Bore  the  work  to 
within  1/64  iiich  of  finished  size,  reduce  speed 
by_  5JQ%,.then  use^  acoolani  tp^rea  m  ife  hok^  _ . 

One  problem  you  will  encounter  with  boring 
is  that  ^ost  holes  will  be  slightly  tapered 
especially  deep  holes.  This  is  caused  by  "spring** 
in  the  borittg  bar.  You  can  bore  the  hole  true  by 
taking  a  series  of  vfi^  light  cuts  as  ypu  near  the  . 
finished  size.  You  can  also  bore  into  the  work, ' 
reverse  feed,  and  take  a  out  conUng  out  df  the 
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woric  without  changing  the  depth  of  cut. 
However,  you  will  need  a  specially  ground  tool 
for'this  operation  or  you  may  eiicounttr  chatter. 

Tapering 


♦1 


Taper  is  defined  as  the  gradual  reduction  in 
diameter  of  an  object  toward  one  end  For 
machine  operation,  taper  is  _e_xLpres!Lal  as  the 
amount  of  change  in  diameter  over  I  loot  of 
length,  regardless  of  the  length  of  the  object. 
The  following  fornui la  applies:  ' 

Dl  -Ds 

— |—  X  1 2  =  taper  per  foot  ( TPF) 

Where:  Dl  is  the  larger  diameter 
Ds  is  thv  smaller  diameter 
L  is  the  length 

H.xample  h  Find  the  taper  per  foot  of  a 
piece  2  inches,  in  diameter  at  the  litTpe  end,  I 
inch  in  diameter  at  the  small  end,  and  2  inches 
long ,  ( See  f igu  re  9-  4  5 . ) 
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X  1 2  ^  6-inch  TPF 
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Figur*  9-46,-Tipan. 


Kxample.2:  Find  tlie  taper  per  foot  of  a 
pit».ce  2  inches  in  dia'nietcv  at  tlie  large  end.  I 
inch  In  . diameter  at  the  small  end,  and  6  inches 
lonf,  (See  tlguixj  9-45.) 


I 


6 


X  I  2  =  2-inch  TPF 


•  In  the  foregoing  examples,  notice  that  the 
iictual  amoUiiL  of  tupci  in.  bath  pieces  is  I  inch 
(difference  in  si/e  of  large  and  small  ends),  but 
the  degree  of  taper  in  a  certain  length  is 
important  'in  establishitig  the  TPF. 

fapcrs  are  also  expressed  as  an  angle.  The 
incliwlcd  angle  of  a  tapered  piece  is  twice  the 
angle  that  a  cutting  ^ool  inust  make  with  the  axis 
of  a  , lathe  to  produce  that  taper.  For  instance,  if 
you  virant  to  cut  a  60°  lathe  center,  you  must  set 
the  compound  rest  at  30°. 

There  are  several  standard  tapers  in  common 
usage-  for  machine  tools.  (Morse,  Jarno,  and 
Brown  &  Sharpe).  This  standard  usage  makes  it 
possible  to  interchange  parts  and  attachments. 
Taper  pins  have  a  l/4-incU  TPF  and  pipe  threads 
have  a  3/4-inch  TPF. 

If  you  are  ever  required  to  make  a  special 
fitting  for  a  machine,  simply  refer  to  the 
Machinixt  s  Handbook  for  all  necessary 
dimensions!'  ^ 

To  produce  a  taper,  you  must  either  cause 
the  cutting  tool  to  move  at  an  angle  in  relation 
to     the    axis    of    the    lathe  (taper 
attachment-compound  rest),  or  you  must  mount  ^ 
the  work  at  an  angle  (tailstock  setover). 

.As  stated  earlier,  «/'djusting  screws  allow  you 
to  move  the  tailstock  top  laterally  on  its  base.  In 
straight  turning,  you  w^l  recall  that  yon  used 
these  a{UjifMing  screws  to  align  the  dead  center 
with  n)/h\c  center  by  moving  the  tailstock  to  ' 
^  the  centerline.  In  taper  turning,  you 
;ly  move^tlife  tailstock  off  center,  and 
you  mpve  it  detern>ines  the  taper 
produced.  You'<can  ^et  . the  approximate  amount 
of  setover  by.  using  the  zero  lines  inscribed  on 
the  base  and  top  of  the  tailstock.  Then,  for  final 
adjustment,  measure  the  setover  with  a  rule 
between  center  points,  as  Jllustratjl  h\  figure 
9-46.  W 

In  turning  a  taper  by  this  tliethod,  the 
distance  between  centers  is  of  tit  most 
importance.  To  illustrate,  figure  9-47  shows  two 
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Figurt  ft46.-MMiurino  tttoMr.of  dtad  oftottf. 


very  different  tapers  produced  by  the  same 
umoui\^  of  setover  of  thej^itstock.  The  closer 
the  dead  center  is  to  the  live  center,  the  steeper 
,  the  taper  produced.  Tapers  produced  by  this 
method  are  less  accuratelhaa^y  other  methods 
because  you  cannot  completely^eirt  4he  centers 
in  the  cenlftr  holes.  ' 
If  The  compound  resT  is,«  generally^  used  for 
short,  steep  tapers.  Such  jobs  are  often  referred 
to  as  working  to  an  angle  rather  than,  as  (Jiper 
work.  The  length  of  taper  that  can  be  machined 
by  this  method  is  necessarily  short  because  of 
limited  travel  of  the  compound  rest. 

Th^  graduations  marked  on  ,the  compound 
rest  allow  you  to  set^  the  angle  you  need  quickly. 
When  set  at  zero,  the'  compound  rest  (s 
perpendicular  to  the  lathe  axi^.  When  set  at  90"^ 
on  either  side,  the  compound  rest  is  parallel  to 
the  lathe  axis. 

On  the  other  hand,  when  the  angle  to  be  cut 
is  measured  from  the  centerline,  the^  setting  of 
the  compound  rest  corresponds  to  the 
complement  of  that  angle  (the  complement  of 
an  angle  is  that  angle^  which,  >vhen  added  to  it, 
makes  a  right  angle).  For  examj^le^o  machine  a 
50''  included  angle  (25''  ang(?^  with  the 
centerline),  set  the  co^npound  rest  at  90°  •  25"*, 
Of  65^ 

o 
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When  you  must  make  a  very  accurate  setting 
of  the  compound  rest  to  a  fraction  of  a  degree, 
run  the  carrjage  up  to  the  chuck,  and  set  the 
compound  rest  witli  a  vernier  bevel  protractor 
set  to  the  required  angle.  Hold  tlie  blade  of  the 
protractor  on  the  Hat  surface  of  the  chuck,  and 
tiQld  the  base  against  the  finished  side  of  the 
compound  rest. 

For  tunning  and  boring  long  tapers ^with 

accurac-y,.-the-taper-iittachmeiitJsJndispensable  

It  is  especially  useiXil  in  duplicating  work;  you 
can  turn  ,  and  bore  identical  tapers  with  one 
setting  on  the  taper  guide  bar.  ' 

When  preparing  to  use  the  taper  attactmient, 
position  the  carriage  approximately  in  the 
middte  of  the  length  of  the  work  to  be  tapered, 
and  move  the  cutting  tool  nearly  up  to  the  work 
with  the  cross-slide  Kandwheel.  Set  the  desired  » 
taper  on  the  guide  bar.  NOTE;  You  must  set  the 
tool  bit  exactly  on  center  for  taper  turning. 

.  Now  remove  the  chip  guard  from  the 
cross-slide  and  disengage  the  crossfeed  nut  (Hg. 
9-18).  Position  the  taper  guide  bar  even  with  the 
ends  of  the  saddle  and  clamp  the  holding 
bracket  to  the^  ways  (fig.  9-22).  Attach  the 
slqtted  guide  to  the  cross-slide,  then  tighten  the 
hand  clamp  on  top.  Lateral  movement  of  the 
<>tool  bit  is  now  controlled  by  the  taper 
attachment.  Adjustments  for  depth  pf  opt  will 
be  made  vvith  the  compound  rest. 

Careflilly  eliminate  any  mechanical  backlash 
'  in  the  setup  for  each  cut  you  take  by  moving  the 
carriage  so  the  cutti|ig  tool  goes  past  the  end  of 
the  work  prior  to  engaging  longitudinal  feed.  If 
you  neglect  this  step,  a  shprt  section  of  the  work 
will  be  turned  straight,  rather  than  tapered,  until 
slack  is  taken  up. 

In  making  a  blind  tapered  hole,  such  as  may 
be  required  in  drill  sockets,  it  is  best  to  drill  the 
hole  careflilly  to  the  correct  depth  with  a  drill  of 
the  same  size  as  specified  for  the  small  end  Of 
the  hole.  This  gives  the  advantage  of  boring  to 
the  right  size  without  having  to  remove  metal  at 
the  extreme  bottom  of  the  bore,  which  is  rather 
difficuh,  particularly  in  small>  deep  holes. 

Precision  plug  and  socket  gages  (fig.  9-48) 
are  used  to  test  the  size  and  accuracy  of 
standard  tapers.  For  nonstandard  tapers,  the 
matini^  part  is  used.  After  taking  several  cuts, 
f^ovj^  C^ips  from  the  work  and  make  a  chalk 
maric  the' full  length  of  the  male  taper.  Then  fit 
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Hk'  parts  lot?ctlK'r  and  twist  slightly  to  miirl(  the 
chalk.  It  the  piirts  do  not  boar  cvonly  tho  full 
length  of  the  chalk  mark,  you  nuist  jiiake  a 
slight  adjustment  on  the  tiipor  guide  bar.  Take 
anotlicr  cut.  chalk  and  lit  the  parts,  and  make 
another  adjirStment  until  tho  taper  is  correct 
before  turning  to  re(|uired  si/e, 

Thrending 


Fjgure  9-49.-Acmtt  thretd. 
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Most  of  the  machine  work  done  by  an 
Opticalman  is  hmited  to  V-form  threads,  even 
though  normal  duties  will  bring  you  in  contact 
with  acme  threads  (fig.  9-49)  and  square  threads 
(%  9-50). 

Each  of  these  thread  forms  is  used  for 
specific  applications.  V-form  threads  are 
commonly  used  on  lastening  devices  such  as 
bolts  and  nuts  as  well  as  on  machine  parts.  Acme 
screw  threads  are  generally  used  for  transmitting 
motion  such  as  that  between  the  lead  screw  and 
lathe  carriage.  Square  threads  are  used  to 
incrca.se  mechanical  advantage  and  to  provide 
good  clamping  ability  as  in  the  screw  jack  or  vise 
vScrew. 

There  are  many  terms  u.sed  in  describing 
screw  threads  and  screw  thread  systems  which 
you  tnust  J<now  before  you  can  calculate  and 
machine  screw  threads.  Figure  9-51  illustrates 
the  application  of  some  of  the  following  terms: 

.  EXTERNAL  THREAD:  A  thread  on  the 
external  surface  of  a  hollow  cylindef. 

•    INtERNAL  THREAD:   A  thread  on  the 
internfll  surface  of  a  hollow  cylincler. 


Flflure  9-50. -Square  thread. 
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RIGHT-HAND  THREAD:  A  thread  which, 
when  viewed  axially,  winds  in  a  clockwise  aird 
receding  direction*. 

LEFT-HAND  THREAD:  A  thread  which, 
when  viewed  axially,  winds  in  a 
counterclockwise  and  receding  directiop. 

LEAD:  The  distance  a  threaded  part  moves 
in  one  complete  revolution. 

PITCH:  The  distance  between  corresponding 
points  on  adjacent  threads. 

SINGLE  THREAD:  A  single  (single  start) 
thread  which  has  a  lead  equal  to  the  pitch. 

MULTIPLE  THREAD:  A  multiple  (multiple 
start)  thread  has  a  lead  which  is  equal  to  the 
pitch  miiltipied  by  the  number  of  starts. 

CLASS  OF  THREADS:  Classes  of  threads 
are  distinguished  frotii  each  other  by  the  amount 
of  clearance  between  inating  parts  (mit  and 
bolt).  A  1/2-inch  bolt  with  13  threads  could  be  a 
shrink  fit  (glass  5)  through  a  loose  fit  (cla.ss  1). 
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Figure  9  51.-Scr«vv  thread  nomenclature. 


THRHAD  FORM:  The  cross  section  profile 
of  a  thread. 

VLANK:  The  side  of  the  thread. 

MAJOR  DIAMETER:  The  diameter  of  a 
cylinder  tliat  bbunds  the  crc*st  of  an  external 
thread  or  the  root  of  an  internal  thread. 

MINOR  DIAMETER^  The  diameter  of  a 
cylinder  that  bounds  the  root  of  an  external 
thread  or  the  crest  of  an  internal  thread. 

CREST:  The  top  of  the  thread  (bounded  by 
the  major  diameter  on  external  threads;  by  the 
minor  diameter  on  internal  threads). 

*  ROOT:  The  bottom  of  the  thread  (bounded 
by  the  minor  diameter  on  external  threads;  by 
the  major  diameter  on  intertial  threads). 

\ 

THREAir  ANGLE:  The  angle  formed  by 
adjacent  Hanks  of  a  thread. 

HEIGHT  OF  THRPAD:  *rhe  distiTlice  from 
the  crest  to  the  root  of  a  thread  measured 
perpendicular  to  the  axis  of  thd  threaded  piece 
(also  called  depth  of  thread). 


SLANT  DEPTH:  The  distance  from  flie  crest 
to  the  root  of  a  thread  measured  along  ^he  flank 
of  the  thread. 

.      *  ^ 

THREAD  SERIES:  Groups  of 
diameter/pitch  combinations  which  are 
distinguished  from  each  other  by  tlH^nuinber  of 
threads  per  inch  to  a  specific  diameter.  The^ 
common  thread  series  are  the  cOaf^e  $(>ries  and 
the  fine  series  (l/4-20nc-l/4-28ftfr.  '   


The  Naval  Sea  Systems  Command  and  naval 
procurement  activities  use  American  Standard 
Unified  threading  systems  whenever  possible; 
this  system  is  recommended  for  use  by  all  naval 
activities.  The  Americaii  Standard  thread  is  a 
unified  series  of  threads  ^hich  permits  the  U,S. 
to  interchange  standard  y^read  fastening  (jeviges. 
manufactured  in  tlie  United  States,  tanada;  and 
the  United  Kingdom. 


V-FORM    SCREW   THREAD^rTo   cut  9. 
V-form  thread,  you  need  to  kno^W  (,1)  t>ie  pitch 
of  the  thread,  (2)  the  straight  depth  of  the  / 
thread,  (3)  the  slant  depth  of  the  thread,  and  (4) 
the  width  of  the  flat  at  the  root  of  the  thread. 
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Pitch. -The  pitcli  of  a  thread  is  the  basis  for 
culculating  all  other  dimensions  and  is  equal  to  I 
divided  by  the  numl>er  of  threads  per  inch. 

Straight  Depth. -Twice  the  straight  depth  of 
an  internal  thread  subtracted  from  the  outside 
diameter  of  the  externally  threaded  \>art 
determines  the  bore  diameter  of  a  mating  part  to 
be  threaded  internally. 


Slant  Depth.-When  the  thread- cutting  tool 
is  fed  into  the  workpiece  at  one-half  of  the 
included  angle  of  the  thread,  the  slant  depth 
determines  how  far  to  feed  the  tool  into  the 
work. 

'  Width  of  the  FJat.-The  point  of  the 
threading  tool  must  have  a  flat  equal  to  the 
width  of  the  flat  at  the  root  of  tl»e  thread 
(external  or  internal  thread,  as  applicable).  If  the 
flat  at  the  point  of  the  tool  is  too'  wide,  the 
resulting  thread  will  Ije  too  thin  if  tlie  cutting 
tool  is  fed  in  the  correct  amount.  If  the  flat  is 
too  narrow,  the  thread  will  be  too  thick. 

The  following  formulas  will  provide  you 
with  the  information  you  .need  to  know  for 
cirtting  V-form  American  Standard  Unified 
Threads. 

Pitch  =  I  ^  number  of  threads  per  inch,  or— 

n 

Depth  of  external  thread  =  0.61,343  X  pitch 
Depth  of  internal  thread  =  0,541  27  X  pitch 

Width  of  flat  at  point  of  tool  for  external 
threads  =  0.166  X  pitch 

Width  of  flat  at  point  pf  tool  for  internal 
threads  =  0.1^5  X  pitch  »^ 

Slant  depth  of  external  thread  =  0.708  X  pitch 

Slant  depth  of  internal  thread  =  0.625  X  pitch 

To  produce  the  correct  thread  profiler  the 
cutting  tool  must  be  accurately  ground  to  ,60" 
"with  0**  bade- rake  (fig.  9-52 A).  Also  Uie  cutting 
tool  must  be  set  in  the  correct  position. 


CUTTER  BIT 


B 
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Fl«ur«  9-52.-Thrftdlng       t«tup  for  V-form  thrtadi. 

Use  a  center  gage  or  a  thread-tool  gage  to 
-  check  the  exact  angle.  The  top  of  the  tool  is 
usually  ground  flat.  However,  for  cutting  thrtsads 
in  steel,  side  rake  is  sometimes  used. 

Set  the  threading  tool  square  with  the  wofk 
as  shown  in  B  and  C  of  figure  9-52.  Use^the 
center  gage"  to  position  the  point  of  the 
threadmg  tool.  Of  course,  if  you  do  not  set  the 
threading  tool  perfectly  square  \yith  the-wor4^ 
the  angle  of  the  thread  will  be  incorrect. 

For  cutting  external-^  internal  thrpads, 
place  the  top  of  the  threading  tool  exactly  on 
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center  as  shown  in  D  of  figure  9-52.  Note  that 
the  top  of  the  tool  is  ground  flat  and  is  in  exact 
ahgnrnent  with  the  lathe  center. 

Si/.e  of  the  tlucading  tool  for  cutting  an. 
internal  thread^ls  important.  The  tool  hetui  nKist 
be  small  enough  to  be  backed  out  of  the  thread 
and  still  leave  enouglv  clearance?  to  be  drawn 
fron^  the  threaded  hole  without  injuring  the 
thread.  However,  the  boring  bar  wliieh  holds  the 

both  as  large  as  possible  in  diameter  and  as  short 
as  possible  to  prevent  its  springing  away  from 
the  work  during  cutting. 


0«f<tK)H  Of 


CUTim  KT 
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Figure  9-63.-Compduhd  rest  tet  at  29  . 


USING  A  LATHE  FOK  CUTTING 
THREADS.  For  cutting  screw  threads,  the 
headslock  spindle^of  the  lathe  is  connected  to 
the  lead  screw  by  a  series  of  gears  to  obtain  a 
positive  carriage  feed  ;  the  lead  screw  is  driven  at 
the  retjuired  speed  with  relation  to  the 
headstock  spindle.  The  gearing  between  the 
headntock  spindlfc  and  lead  screw  can  be 
arranged  to  cut  any  desired  pitch.  For  example, 
if  the  lead  screw  has  8  threads  per  inch  and  the 
gears  are  arranged  sd  that  the  headstock  st>indle 
revolves  four  times  while  the  lead  screw  revolves 
once,  the  thread  cut  will  be  four  times  us  fine  as 
the  thread  on  the  lead  screw,  ot  32  thifeads.per 
inch.  The  quick-change  gear  box  allows  you  to 
make  the  proper  gearing  arrangement  quickly 
and  easily  by  placing  the  levers,  an  indicated  on 
the  index  plate,  for  the  threacf  desired^ 

Until  you  become  very  4>roricient  at 
threading,  always  put  the  lathe  in  back  gear  and 
turn  the  headstock  at  approximately  60  rpm. 

When  threading  work  in  the  lathe,  be  sure 
the  chuck  jaws  are  tight  and  the  work  ^  well 
su|:q5orted.  Never  remove  t]ic  work  from  the 
chuck  until  the  thread  is  finished.  ^ 

When  threading  long  slender  shat'ts,  use  a 
follower  rest.  Use  the  center  rest  to  support  one 
end  of  long  work  that  you  are  threading  on 'the 
inside.  < 

To  cut  external  V-form  threads,  it  is 
customary  to  place  the  compound  rest  of  the 
lathe  at  an  angle  of  29^,  as  shown  in  part  A  of 
figure  9-53.  With  the  compoiund  rest  set  in  this 
position  and  the  compound  rest  screw  adjusted 
to  the  depth  of  cut,  most  of  the  metal  will  be 
removed  by  the  left  side  of  the  threading  tool  (B 
of  tig.  9-53).  The  chip  will  curl  out  of  the  way 


better  than  if  the  tool  is  fed  straight  in.  Also,  the 
thread,  will  hot  tear.  Since  the  angle  on  the  side 
of  the  threading  tool  is  30^,  the  ri^hl  side  of  the 
tool  will  shave  the  thread  smooth  and  produce  a 
better  finisli,  although  it  does  not  remove 
enough  metal  to  interfere  with  tite  main  chip. 

'  To  cut  internal  V-form  threads',  set  the 
compound  rest  at  29^  in'  the  opposite  direction 
and  baek  the  tool  iiito  the  work  for  each  cut. 

To  prepare  for  the  first  threading  cut, 
position  the  carriage  so  you  can  ft^ed  the  tool  in 
with^Jhe  cross-slide  handwheel  to  contact  the 
work.  Then,  loosen  the  locks  on  the  cross-slide 
and  co|n|K)und  rest  micrometer  collars  and  set 
the  collars  to  zero.  Be  sure  to  tighten  the 
mfcrometer  collar  Igck  screws.  Movj^the  carriage 
so  the  threading  tool  is  «pproximiitely  1/2  inch 
from  the  end  of  the  >vork. 

To  cut  threads  on  a  Iath6,  clamp  the 
half-nuts  (threading  lever)  over  the  lead  sctew  to 
engage  the  threading^ feed.  At  the  end  of  the  cut 
release  the  threading  feed  with  the  threading 
lever.  Use  the  threading  dial  (fig.  9-25),. 
discHSsed  earlier  iii  this  chapter,  to  determine 
ttie  time  to  engage  the  threading  lever  so  that 
the  cutting  tool  follows  the  same  path  during 
each  cut.  Align  the  index  mark  on  the  threading 
dial  with  the  witness  mark  on  the  housing,  then^ 
engage  the  threading  lever.  For  some  thread 
pitches,  however,  the  threading  lever  can  'be 
engaged  only '  when  certain  index  marks  are 
aligned  with  t!ie  witness  mark.  You  can  engage 
the  threading  lever  on  most  lathes  as  follows: 

I.  FoT^l  eveii-numl>ered  threads  per  inch, 
close  the  threaduig  lever  at  any  line  on  the  dial. 
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2.  f  'or  all  ocld-mimberecl  threads  per  inch, 
close  the  threading  lover  at  any  numbered  line 
on  the  dial. 

3.  For  all  threads  involving  one-hall"  of  a 
thread  in  each  inch,  such  as  II  1/2,  close  the 
threading  lever  at  any  mId-numbered  line 

if 

With  the  lathe  set  up  as  previously 
explained,  you  are  now  ready  to  take  a  very 
.  .J|K'»V  Mai  t-i'C  StjLrt:  tlie  Jathc,  wMclt  the 
threading  dial,  and  engage  the  threading  lever. 
When  the  threading  tool  comes  to  the  end^'  the 
length  of  thread  dejjired,  you  must  do  two  things 
at  once:  ( I )  Disengage  tlie  threading  lever,  and 
(2)  back  the  crossfeed  out  one  revolution.  This 
is  particularly  important  in  threading  to  a 
shoulder  or  the  bottom  of  a  hole. 

Now  stop  the  lathe  and  check  the  thread 
produced  with  a  screw  pitch  gage.  The  gage 
consists  of  a  number  of  sheet  metal  plates  in 
which  are  cut  the  exact  form  of  threads  of  the 
various  pifclies.  Bach  plate  is  stamped  with  the 
number  of  threads  per  inch  for  whicli  it  is  to  be 
used. 

Compare  the  appropriate  gage  with  the 
thread  you  just  cut  to  be  sure  you  have  the 
quick  change  gear  box  set  properly. 

If  the  thread *is  correct,  proceed,  with  the 
threading.  Move  the  carriage  past  the  start  of  the 
work,  return  the  crossfeed  to  zero,  feed  the 
compound  rest  in  a  few  thousandths,  and  take 
anothdr  cut.  NOTE.  Always  use  the  correct 
cutting  lubricant  when  tlireading. 

You  do  not  have  to  stop  the  lathe  after  each 
cut.  After  you  disengage  the  threading  lever  and 
bac](  out  the  crossfeed,  move  the  carriage  past 
start,  reset  the  crossfeed,  feed  the  compolmd' 
rest  a  few  more  thousandths,  apply  lubricant, 
and  continue  until  you  reach  the  predetermined 
depth  for  your  thread. 

Make  the  final  check  for  fit,  using  the 
mating  part  for  which  yoli  are  machining  the 
thread.  You  will  usually  want  a  snug  fit  without 
binding.  If  the  thread  is  too  tight  take  another 
light  cut.  If  the  fit  is  too  loose,  you  have  made 
some  incorrect  calculations  or  adjustments  and 
have'  wasted  time  and  material.  Do  not  be 
discouraged  If  your  first  attempts  at  threading 
'are  not  perfect.  Just  do  not  make  the  same 
mistakes  again. 


If  the  threading  tool  must  be  sharpened 
during  operation  or  if  you  are  chasing  a 
previously  cut  thread,  you  can  reset  the  lathe  to 
catch  the  thread  in  the  following  manner. 

Use  a  center  gage  to  check  the  angle  of  the 
tool  and  to  set  the  tool  square  with  the  work. 
Also  be  sure  the  tool  is  again  on  center.  Then 
with  the  tool  a  few  thousandths  of  an  inch  away 
from  tire  workpicfce,  istan  the  machiiie~aiur 
engage  the  threading  mechanism;  then  stop  the 
lathe. 

Adjust  the  compound  rest  slide  'forward  or 
backward  so  tliat  the  tool  moves  along  the  axis 
of  the  work  as  well  as  toward  or  away  from  the 
work.  When  the  point  of  the  tool  coincides  with 
the  original  thread  groove,  use  the  crossfeed 
screw  to  bring  the  tool  point  directly  into  the 
groove.  When  you  get  a  good  fit  between  the 
cutting    tool    and    thread    groove,   set  the 
micrometer  collar  on  the  crossfeed  screw  on 
zero.    Set    the    micrometer    collar   on  the 
compound  rest  feed  screw  to  the  depth  of  cfit 
previously  taken  or  to  zero,  as  required.  Nqw 
back  the  cross-slide  out,  move  the  carriage  past 
the  start  of  the  thread,  and  proceed  with  the 
cutting. 


SAFETY  PRECAUTIONS 


You  have  studied  the  lathe  and  its  operating 
procedures,  but  before  you  cah  apply  this 
knowledge,  you  must  understand  and  observe 
the  principles  of  safety.  Thought,  guided  by 
common  sense,  is  the  surest  safeguard  against 
accidents. 

Moving  machinery  is  always  a  danger,  and 
when  associated  with  a  sharp  cutting  tool,  the 
hazard  greatly  increases.  Treat  a  machine  witjh 
respect  and  there  will  be  no  need  to  fear  it.  / 

Wlien  operating  a  lathe  or  any  maclunc'tool, 
be  sure  that  the  area  is  free  of  personnel  and 
objects  that  could  make  the  job  more  hazardous. 
Your  responsibility,  as  the  operator,  is  to  look 
out  for  others  as  well  as  yourself  when  chips  are 
flying  and  your  machine  is  in  motion. 
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Safety  precautions  for  all  machinery  in  the 
shop  lire  posted  in  the  work  area,  so  never  begin 
an  operation  without  reading  these  precautions. 
The  posted  precautions  give  detailed  instructions 
that  apply  to  the  machine  you  are  operating.  In 
this  chapter  we  can  list  oiviy  the  general  safety 
rules  that  apply. 

1.  Always  protect  your  eyes  and  your  limbs 
Trqin  chips  and  "moving  parts  by  wearing  safety 
goggles.  Do  nofcwear  any  loose  clothing  that  can 
get  caught  in' revolving  parts. 

2.  NevtT  t^^ttempt  to  clean,  repair,  or  adjust 
a  moving  machine. 

3.  Before  starting  a  machine,  ensure  th'iit 
chuck  keys  and  loose  tools  have  been  removed 
frofn  the  machine. 

.  4,  Be  sure  that  all  gear  covers  and  safety 
guards  are  in  place. 

...  5.  Never  lean  agaii\st  a  moving  machine  or 
attempt  to  stop  a  moving  machine  by  any  means 
other  than  the  proper  control  levers. 


THE  MOST  IMPORTANT  THING 
THAT  AN  OPERATOR  CAN  LEARN 
ABOUT  A  LATHE  OR  ANY  OTHER 
MACHINE  TOOL  IS  THE  SAFETY 
PRECAUTIONS. 


MILLING  MACHINES 

A  milling  machine  removes  metal  with  a 
revolving  cutting  tool  called  a  milling  cutter. 
With  various  attachments,  milling  machines  can 
be  used  for  boring,  broaching,  circular  milling, 
dividing,  and  drilling;  for  cuttinrg  key  ways,  racks, 
and  gears;  and  for  Huting  taps  and  reamers. 

To  advance  in  rating  you  must  demonstrate 
the  ability  to  set  up  and  perform  basic 
operations  using  the  milling  machine.  To  set  up 
and  operate'  a'  milling  machine,  you  must 
compute  feeds  and  speeds,  select  and  mount  the 
proper  holding  device,  and  select  and  mount  the 
proper  cutter  to  handle  the  job.  , 


Like  other  machines  in  the  shop,  milling 
machines  have  both  manual  and  power  fee<^ 
systems,  a  selective  spindle  speed  range,  and  a 
coolant  system. 

KNEE  AND  COLUMN  TYPE 

The  knee  and  column  type  milling  machine 
is  ihc  most  commonly  used  by  the  Nilvy. 
Because^  of  it4J  ease  of-se^tup  and  it^  ver^tilit^^^ 
this  machine  is  more -efficient  than  other  types. 
The  main  casting  consists  of  an  upright  column,  . 
to  which  is  fastened  a  bracket,  or  ^*knee,''  which 
supports  the  table.  The  knee  can  be  adjusted  to 
raise  or  lower  the  table  to  accommodate  various 
sized 'Pieces  of  work. 

You  can  take  vertical  cuts  by  feeding  the 
table  up  ordown.  You  can  move  the  table  in  the 
horizontal  plane  in  two  directiohs:  either  at 
right  angles  to  the  axis  of  the  spindle  or  parallel 
to  the  axis  of  the  spindle.  Therefore,  you  can 
mount  work  at  practically  any  location  on  the 
table. 

Knee  and  column  milling  macliines  are  made 
in  three  designs;  plain,  universal,  and  vertical 
spindle*. 

Plain  Milling  Machine 

As  in  all  milling  machines  of  this  type,  yovi 
can^  move  the  table  of  tlie  plain  milling  machine 
in  three  directions:  longitudinal  (at  right  angles 
to'  the  spindle),  transverse  (parallel  to.  the 
Spindle),  and  vertical  (up  and  down).  The 
machine's  chief  value  results  from  its  rigid 
con^ruction-it  can  take  heavy  cuts  at  fast 
speeds  with  coarse  feeds. 

Universal  Milling  Machine 

The  universal  milling^achine  (fig.  9-54)  has 
all  the  principal  feature  of  the  other  types  of 
milling  machines.  It  can  handle  practically  all 
classes  of  milling  work.  Its  main' advantage  over 
the  plain  mill  is  that  you  can  swivel  the  table  on 
the  saddle  so  that  it  moves  at  an  angle  to  the 
spindle  on  a  horizontal 'plane.  This  machine  is 
used  to  cut  most  tyj>es  of  gears,  milling  cutters, 
and  twist  drills  and  is  used  for  various  kinds  of 
straight  and  t^per  work. 
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Rguf*  ft-IM.-UnivtrMl  milling  nui^hin*. 

A  vertical  milling  attachment  can  be 
mounted  in  place  of  the  overarms  so  that  the 
spindle  is  vertical,  rather  than  horizontal  as 
shown.  The  basic  design  of  the  universal  mill, 
coupled  with  a  variety  6f  attachments,  makes 
this  the  most  versatile  of  alfmilUng  machines. 

Vertical  Spindle 
Milttng  Machine 

The  vertical  spindle  milling  machine  (fig. 
9-55)  has  the  spindle  in  a  vertical  position  and  is 
similar  in  design  and  operation  to  the  plain  and 
universal  milling  machines.  The  vertical  spindle 
can  also  be  positioned  up  to  90*  left  or  right  of 
vcrticaj.  Since  you  can  see  both  the  cutter  and 
the  surface  being  cut,  yow  can  do  face  milling 
and  end  niilling  more  easily  on  the  vertical 
spindle  mitlirtg  machine  than  on  mills  pf  other 
types.  ^-^  ■ 

♦ 

Vertical  spindle  mills  embody  the  principles 
of  the  drill  press.  The  spindle  and  table  both 
^•ve  a  vertical  movement,  and  the  table  alio  hai 


longitudinal  and  transverse  movement-  You  cun 
use  this  type  of  machine  for  face  milling 
profiling,  and  die  sinking,  and  various 
t  odd^haped  jobs;  you  can  also  Use  it  for  boring 
holes. 

Although  knee  and  Column  milling  macliines 
vary  slightly  in  design,  depending  on  >  the 
manufacturer,  the  components  labeled  in  figure 
9-54  are  common  to  most  milling  machines. 

 — The-spindk-nose-of^ll-rnming  machihes  has 

.  a  standard  internal  taper.  Driving  keys,  or.lUgs, 
on  the  face  of  the  spindle  nose  driv<J  the  cutter 
directly,  or  drive  an  arbor  or  adapter  on  which 
the  cutter  is  mounted  (fig.  9-56).  The  overarms, 
yokes,  and  overarm  supports  are  used  for 
accurate  alignment  and  to  support  arbors.  Vou 
can  retract  or  extend  the  overarm*  from  the 
column  to  any  length  needed  to  support  the 
arbor.  The  overarm  supports  are  exfremely 
helpftil  in  supporting  th*  cutter  for  taking  heavy 
oxX^  The  overarm  supports  ^re  used  with  the 
yokes  and  overarms.  ^  ,         '  ♦ 

STANDARD  EQUIPMENT 

<  •  » 

Standard  equipment  for  milling-machines  in 
Navy  ships  includes  Work-holding  devices, 
spindle  attachments,  cutters  and  arbors,  and  any 
special  tools  needed  forjsttting  up  the  machine 
for  milling.  This  equipment  permits  holding  and 
cutting  the:  great  variety  of  millirtg  jobs  found  in  . 
Navy  repair  work.  * ,  4 


The  vises  commonly  used  on  milljng 
machiries  are  the  fjanietl  plain  vise,  the  swivel 
vise,  and  the  toolmakers  universal  vise  (fig. 

A  flanged  vise  provides  a  rigid  work-holding 
setup  when  the  surface  to>>e  machined  must  be 
parallel  to  the  surface  seated  in  the  viie. 

A  swivel  vise  is  used  sinillarly  to  a  fl<mged 
vise,  but  the  setup  is  less  rigid,  allowing  the 
workpie^  to  be  swiveled  in  a,  horizontal  blane 
.  to  any  r^uired  angle. 

A  tiftlniakers  universal  vise  is  used  when  the 
workpiece  must  be  set  up  at  a  complex  angle  in 
relation  to  the  axis  of  the  spindle  and  to^the 
table  surface. 


OPTICALMAN  3  &  2 


28.204X 

FHMrt  9>66.-Arbort,  iltvvtt,  and  tpMiaf  idDpttn. 


'  Index  Head 

Indexing  equipment  (fig.  9-58)  is  used  for 
holding  and  turning  the^  workpiece  to  make  a 
number  of  accurately  sj>aced  cuts  (gear  teeth, 
for  example).  The  workpiece  is  held  in  a  chuck' 
attached  to  the  index  head  spindle.  The  center 
test  can  be  used  to  support  long  slender*%ork. 
The  center  of  thb  footstock  .may  be  raised  or 
lowered  to  set  up  tapered.workpieces. 

The  basic  components  of  an  index  head  are 
shown  in  figure  9-59.  The  ratio  between  the 
^woifti  and  gejtr  is  40  to  1 .  One  turn  of  the  worni 
rotates,  the  spindle  1/40  of  a  revolution.  The 
index  piygg,  which  have  i  series  of  concentric 
circle*  oMl^s,  permit  accurate  gaging  of  partial 
turns  of  the  worm  Aaft  and  allow  the  apindle  to 
be  turned  accurately  in  amounts  smilier  than., 
1/40  of  a  revolution.  It.i?  also  easy  tdveonvert 
spm^le  h)tation  to  an  angular  value  in  degrees 
Mid  minutes;  The  index  plate  may  be  secured  to 
we  index  head  housing  or  to  the  worm  shaft. 
You  can  acUust  the  crankpin  radially  for  use  in 
my  dfcle  of  holes;  You  can  set  t1he  wctotarms 
span  any  number  of  holei  in  the  index  plate 
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to  provide  guide  fofi*  rotating  the  index  crank 
for  partiil'tums. 

You  can  turn  the  index  head  spindle  by 
hand,  by  tlje  index  crank  through  the  worm  aiid 
worm,  gear,  or  by  the  table  feed  mechanism 
through  a  gear  tfain.  The  first  two  methods  are 
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for  indexing,  while  the  third  is  for  rotating  the 
workpiece  (while  it  is  being  cut)  to  make  helical 
cuts. 

Universal  Milling  Attachment 

The  universal  milling  (h<6ad)  attachment  (fig. 
9-60)  is  clamped  to  the  column  of  the  millit^g 
machine.  The  cutter  can  be  secured  in  tl 
spindle  of  the  attachment  and  set  by  two  roti 
swivels  so  that  it  will  cut  at  any  angle  to  ti 
horizohtal  or  the  vertical  plane.  The  spindle  of 
the  attachment  its  driven  by  gearing 'connected  to 
the^millidg  machine  spindle.  .  , 
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Flgurt  9>60.--Cirwlar  imillins  attMhrncnt  and  univ«rMl 
(htad)  AttMhrrMnt. 


OrcuUr  ipiling  Attacihment 

•  '  '      '         •      ■      -  * 

,  ^  The  circular  milling  attachment,  or  rotary 
table,  shown  in  figure  9-60,  is  used  to  set  up 
work  which  must  be  rotated  in  a  horizontal 
plane.  The  worktable  is  graduated  (1/2°  to 
1^  360  )  around  its  circumference  You  can  turn 
th^  table  by  hand  or  by  the  table  feed 
mechanism  through  a  gear  train.  An  80  to  I 
wotm  dnd  gear  drive  in  the  rotary  table  and 
index  plate  arrangement  makes  this  device  useful 
for  accurate  indexing  of  horizontal  surfaces. 


MUiiiii^  Cutters 


The  variety  -of  cutters  used  with  milling 
-  machines  adds  to  the  versatility  of  the  mill. 
Figure  ^61  shows  a  small  samjile  of  cutters 
comntonly  used.  The  cutters,  used  with  other 
•  ttftchments,  provide  an  endless  list  o^ 
appUcationi  .    .  •  ' 


 ^  \  .  ^ 

End  mills  »re  used  for  facing,  slotting, 
boring,  and  cutting  various  angles^  on  work. 
Formed  cutters  (2  and  10)  are  used  for  cutting 
gears  and  racks.  The  other  cutters  shown  are 
md  for  slitting,  heavy  facing  or  slotting,  and  for 
heavy  slab  cuts. 

End  mills  are  held,  in  the  milling,  machine 
spindle  either  in  cbllets  or  special  adapters.  The 
other  cutters  arelnounted  on  an  arbor  (flR.9-62) 
and  are  usually  prevented  from  turning  on  the 
arbor  by  a  key  and  keyway.  You  can  moqnt  a 
single  cutter  on  the  arbor,  as  shown,  or  you  can 
mount  several  cutters  and  spacers  to  take 
multiple  cuts  with  one  setup. 

Figure  9-63  show*  how  a  dovetail  or  T-«lot 
.  for  holddown  bolts  is  cut.  First,  rough  out  the 
hole  with  an  end  mill,  then  use  the  appropriate 
formed  cutter.  In  fact,  with  a  mUUng  machine,  if 
you  ever  need  a  specially  shaped  cutter  you  can 
make  it  yourself. 

A  word  of  caution  concerning  end  mills. 
You  can  use  two-lip  end  mills  carefully  to  bore 
holes  sinc^"  the  cutting  edge  extends  the  full 
width  of  the  end  (#8  In  fig.  9-61),  Fou^lip  mill 
ends  are  relieved  in  the  center  so  only  the  outer 
half  of  each  Up  can  out  (#1 1  in  fig.  9-61).  Do 
NOT  use  a  foui^lip  end  mill  for  boring;  it  could 
shatter,  causing  serious  injuries. 

As  a  general  ruie,  the  more  teeth  a  cutter 
has,  the  smootlier  the  finished  surface  will  be. 
pelkJal  teeth  will  also  produce  a  Very  smooth 
cut.  Coarse  cutters  and  jtagger-tooth  cutters  are 
normally  Used  for  roughing  cuts.  The  distance 
between  teeth  allows^  ample  room  for  chip 
clearance  and  coplant  flow  so  heavy  feeds  can  be 
used  efficiently. 

MILLING  MACHINE  OPERATION 

A  mill  is  more  complicated  io'^operate  than  a 
lathe,  mainly  because  of  the  'various  ' 
attachments,  applications,  and  planes  of 
moyement  ^^lyallable.  If  you.  pla^  your  work 
careftilly,  appreciate  the  limitations  of  the 
machine,  and  use  reatonable  caution,  no  one  wUl 
get  hurt,  and  the  job  should  be  succeaaful, 

You  must  becom*  thoroughly  familiar Svith 
the  controls  for  table  feeds.  Since  the  table 

c  move*  in  iiXdlJpections;  engaging  the  wrong  lever* 

,  .  could  be  disastious.  ^ 
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Involute  spur  9Mr  Mtt«r><uiHitrcut  tMlh) 
tpiral  fnd  nMII,  ttpwr  iHank 
T\M<MlppMi  iiiiral  mill.  itfMr  thank 
Matai  ftaggarad-tooth  alittlni  mw 
Long  twD-Hpfiadand  mill,  liniW  and 
Long  tpiral  and  mlHt,  douMa  and  • 
TWo-lippad  ipiral  and  mill,  eam-looking 
Comar  rounding  autiar 
\lnvoluta  form  auttar 
\FouHippad  tpiral  and  mill,  aam-loaklng 

Stwo-lippad  tpiral  and  mill,  doubia  pnd 
tpiral  aiMi  mHI,  tln#a  and 
ilda  milling  Minar 
Opnvax  aunar 
W|M>druff  kayaaat  auttar 
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19. 


22. 
23. 
24. 
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20. 
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28. 
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31. 


Matal  tlitting  taw 
Oonoaya  auttar 
Ball  and  milit  . 
Long  tingia^d  and  mill 
Doubianrnd  and  mlllt  / 
TWo-l)ppad  lohg  tingla-and  and  mill 
taraw  tlottlng  outtar 

two-lippad  tpiral  and  mill,  ttralght  thank  * 

Angular  auttar  ^ 

Jpirai  and  mill,  ttraight  thank 

Plain  haavy  duty  tpiral  milling  outtar 

Staggarad-tooth  tida  milH[y  outtar 

SMa  mtlltng  outtar 

HMIoai  plain  milling  outtar 

shall  and  mill  for  uta  with  thall  and  mlH  arbor 
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Figurt  9-62. -Standard  arbor 
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Figurt  9-63. -Application  on  T  ilot  and  dovatall  cuttari. 


Setup  Procedures 

j> 

Cutting  tools  ami  work  holding  devices  must 
be  TICiHT.  With  all  components  held  securely, 
you  avoid  the- possibility  of  vibration  or  of 
launching  a  piece  of  work  across  the  shop. 
Mating  surfaces  nui,st  be  absolutely  clean  and 
free  of  chips  so  that  you  can  properly  mount  the 
work,  cutter,  and  attachments. 

A  dial  indicator  is  absolutely  necessary  for 
most  setups,  It  is  used'  (1 )  for  squaring  the  table 
of  a  universal  mill  or  the  jaws  of  a  swivel  vise, 
(2)  Cor  truoing  the  spindle  of  a  vertical  mill  or 
'  vertical  attachment  (3)  for  checking  runout  of 


work  held  in  an  index  head,  and  (4)  for  leveling 
other  setups. 

Once  you  are  sure  the  cutter  and  work  are 
properly  mounted  and  are  tfue  and  square, 
proceed  with  positioning  the  cutter.  Figure  9-64 
shows  various  methods  for  positioning  cutters  to 
mill  found  stock.  These  same  methods  are  also 
used  for  all  other  shapes. 

On  a  milling  machine  the  crossfeed, 
longitudinal  feed,  and  vertical  feed  handles  have 
micrometer  collars  to  alloW  very  precise 
positioning, 

the  method  shown  in  figure  9-64A  is  the 
most  accurate  method  to  position  a  cutter  and 
should  be  used  when  possible. 

1.  Move  the  workpiece  into  position,  as 
shown  in  the  auxiliary  view  figure  9^4A,  with 
the  cutter  about  .0.010  inch  away  from  the 
workpiece. 

2.  Insert  ^  strip  of  paper  (0.003  inch  tliick) 
between  the  cutter  and  the  side  of  the 
workpiece  and  hold  iu  place. 

3.,  Start  the  cutter  turning  slowly  and  feed 
the  workpiece  toward  the  cutter  until  the  cutter 
tears  the  paper  strip;  feed  the  table  toward  the 
cutter  anothfer  0.003  inch  (thickness  of  the 
paper).-  The  cutter  wiU  now  be  in  very  liglit 
contact   with  .the   side  of  the  wprkpiece. 
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Figurt  9-64.-Mtthodi  of  positioning  €Utt«r. 


NOTE:  Be  very  careful  to  keep  your  hands  clear 
of  the  cutter  when  using  thp  paper. 

4.  If  you  intend  to  slot  the  top  of  the 
work,  lower  the  table  so  that  th6  cutter  will 
clear  the  top  of  the  workpiece. 

5.  Set  the  micrometer  collar  on  the 
transverse  feed  hand  wheel  to  zero. 

6u  Move  the  worktable  transversely  by  an 
amount  equal  to  one-half  the  thickness  of  the 
cutter  plus  one-half  the  diameter  of  the 
workpiece.  The  cutter  is  now  centered  on  the 
axis  of  the  shaft. 

The  method  just  de^pribed  works  equally 
well  with  ^d  mills  or  arbof  type  cutters. 

ir.tbe  cutter  is  so  small  that  the  arbor  or 
spindle  nose  touches  the  workpiece,  you  can 
align  the  cutter  with  some  degree  of  accuracy  by 
using  squares  on  each  side  of  the  work  and 


centering  the  cutter"  with  a  6-inch  rule  (fig. 
9-64B). 

Figure  9-64C  shows  the  method*for  aligning 
a  cutter  with  the  footstock  center,  if  the  work.is 
to  be  held  between  centers. 

Figure  9-64D  shows  a  light  trial  cut  taken 
with  a  perfectly  centered  cutter. 

Direction  of  Cutter  Rotation. 

In  selecting  the  direction  of  cutter  rotation 
and  table  travel,  the  conventional  milling 
practice  is  to  make  the  cutter  revolve  against  the 
advancing  table  to  cut  up  into  the  work  (fig. 
9-65).  In  milling  deep  slots  or  in  cutting  ofiT  thin 
stock  with  5»  metal  slitting'  cutter,  another 
system,  known  as  the  CLIMB  MILLING  process^ 
is  used.  In  this  process  you  rotate  the  cutter 
with  the  direction  of  table  feed,  making  the 
cutter  cut  down  into  the  work.  With  the  latter 
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system  there  is  less  chance  of  the  cutter  being 
drawn  to  one  side,  producing  crooked  slots. 

When  the  work  moves  with  the  cutter,  you 
must  carefully  olimifiate  any  looseness  and  lost 
motion  in  the  table  by  setting  the  table  gibs 
snugly.  If  ypu  fail  to  eliminate  looseness,  the 
cutter  teeth  may  draw  tlie  work  in.  The  result 
may  be  a  sprung  arbor,  a  badly  damaged  cutter, 
a  ruined  piece  of  work,  or  serious  personal 
injury. 

Before  you  start  any  cutting,  be  sure  the 
spindle  is  rotating  in  the  proper  direction.  You 
will  not  remove  much  metal  if  the  cutter  is 
revolving  backwards.  . 

Feeds  and  Speeds 

Tlie  spindle  speed  of  milling  machines  usually 
ranges  from  25  to  2,000  rpm,  and  the  feed 
ranges  from  1/4  inch  to  30  inches  per  minute 
(ipm).  Since  tl\e  feed  is  independent  of  the 
spindle  rotation,  a  workpiece  can  be  fed  at  any 
rate  in  the  feed  range  regardless  of  the  spindle 
stxjed.  Some  of  the  factors  concerning  the 
selection  of  appropriate  feeds  and  speeds  for 
milling  are  discussed'in  the  following  paragraphs. 

SPEEDS. -You  can  regulate  the  heat 
generated  by  friction  between  the  cutter  and 
work  by  using  the  proper  speed,  feed,  and 
cutting  coolant.  Heat  regulation  is  very 
important  because  the  cutter  will  be  dulled  or 
even  made  useless  by  overheating.  It  is  almost 
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impossible  to  set  down  any  fixed  rules  to  govern 
cuttii4«^speeds  because  cojulitions  vary  from  job 
to  job.  Generally  speaking,  you  should  select  a 
cutting  siHjed  wliich  gives  the  best  compromise 
between  maximum  production  and  longest  life 
of  the  cutter.  In  any  particular  operation, 
consider  the  following  factors  in  determining  the 
proper  cutting  speed; 

i  f 

•  riardness  of  the  material  being  cut:  tlie 
harder  and  tougher  the  metal  being  cut,  the 
slower  should  be  the  cutting  s|>eed. 

>  • 

•  Depth  of  cut  and  desired  finish:  The 
amount  of  friction  heat  produced  is, directly 
proportional  to  the  amount  of  material  being 
removed.  Finishing  cuts  may  often  be  made  at  a 
speed  40%  to  80%  higher  than  that  used  in 
roughing  since  the  depth  of  cut  is  less. 

•  Cutter  material:  Carbide  tooth  cutters 
may  be  operated  from  50%  (o  100%  faster  than 
higli-spe»^l  steel  cutters  because  carbide  cutters 
have  better  heat  resistant  properties. 

•  Type  of  cutter  teeth:  Cutters  with 
undercut  teeth  cut  more  freely  than  those  with  a 
radial  face  (gear  cutters  and  concave  and  convex 
cutters);  therefore,  cutters  with  undercut  teeth 
may  be  run  at  higher  speeds. 

•  "Sharpness  of  cutter:  A  sharp  cutter  may 
be  run  at  a  much  higher  speed  than  a  dull  cutter.  - 

•  Thickness  of  the  cutter:  Cutters  like  27 
and  30  in  figure  9-61  put  considerable  strain  on 
the  machine;  consequently,  they  should  turn  a 
little  slower. 

•  Use  of  coolant:  Sufficient  coolaht  will 
usually  cool  the  eutter  so  that  it  will  not 
overheat  even  at  relatively  high  speeds.  The  same 
coolants  used  for  lathe  work  are  appropfiate  for 
milling. 

Use  the  approximate  cutting  speeds  listed 
below  as  a  guide  in  selecting  the  proper  cutting 
speed  for  high-speed  steel  cutters.  If  you  find 
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that  the  machine,  the  cutter,  or  the  work  cannot 
be  suilahiy*  operated  at  the  suggested  speed » 
make  immediate  readjustment.  It  is  usually 
advisable  to  reduce  th't  spindle  speed  and 
decrease  the  depth  of  cut. 


Cusl  \  fO\r. 
Malleable 
Utird  C  astings 

Annealed  tool  steel 

Low  Carbon  steel 

Brass^ 

Aluminum 


Rougli 
(ft/min) 


90 
15 
40 
60 
200 
700 


Finish 
(ft/min) 


100 

20 
50 
70 
250 
900 


The  proper  cutting  speed  (tpm)  lor  various 
diameter  milling  cutters  turned  at  available 
spindle  s(x?eds  (rpm)  is: 


_  ttD  X  rpm 
fpm  ^  py^™ 


\ 


This  formula  should  be  faniijiar  to  you  by 
now,  sin^:e  Vou  used  it  to  compute  drilling 
speeds  and  hithe  cutting  speeds. 

Example:  What  spindle  speed  should  you  use 
to  turn  a  1/2-inch  end  mill  to  producQ  a  cutting 
speed  of  45  fpm?  ^ 


r        3:14  X  0.5  X  rpm 

45  fpm  =  —  j-^  — 


or 


540-  1,57  Xrpm 
540 


rpm 


L57 


=  344 


l.xample:  What  is  the  cutting  speed  of  a 
2  1/4-inch  end  mill  turning  at  .204  rpm? 


fpm 


^3.I4X  2>25  X  204 
12 


f     ^  1441  , 

fpm  -  -y^^    1 20 


When  selecting  the  feed,  you  should  consider  the 
following  factors: 

•  Forces  exerted  against  the  work,  the 
cutter,  and  their  holding  devices  during  the 
cutting  process:  The  force  exerted,  varying 
directly  with  the  amount  of  metal  removed,  can 
i)e  regidated  by  the  feed  and  depth  of  cut.  The 
feed^^iUepth  of  cut,  therefore,  are  interrelated 
and  m  turn  are  deix^ndent  upon  the  rigidity  and 
power  of  the  machine,  Machines  are  limited  by 
the  power  they  can  develop  to  turn  the  cutter 
and  by  the  amount  oi  vibration  they  can 
withstand  when  coarse  feeds  and  deep  cuts  are 
being  used, 

•  The  feed  and  depth  of  cut  also  depend 
upon  the  type  of  cutter  being  used.  Tor 
example,  deep  cuts  or  coarse  feeds  should  not  be 
attempted  with,  a  small  diameter- end  mill,  as 
such  an  attempt  will  spring  or  break  the  cutter. 
Coarse  cutters  with  strong  cutting  teeth  can  be 
fed  at  a  relatively  high  rate  of  feed  because  the 
chips  will  be  washed  out  easily  by  the  cutting 
lubricant.  \ 

•  Coarse  feeds  and  deep  cuts  should  not  be 
used  on  a  frail  piece  of  work  or  on  work 
mounted  in  such  a  way  that  the  holding  device 
will  spring  or  bend. 

•  The  desired  degree  of  finish  affects  the 
amount  of  feed.  When  a  fast  feed  is  used,  metal 
is  removed  rapidly  and  the  finish  will  not  be 
very  smooth.  However,  a  slow  feed  rate  and  a 
high  cutter  speed  will  produce  a  finer  finish.  For 
roughing,  you  shotdd  use  a  comparatively  low 
speed  and  a  coarse  feed.  More  mistakes  are  made 
by  overspeeding  the  cutter  than  by  overfeeding 
the  work.  Overspeeding  produces  a  squeaking, 
scraping  sound.  If  chatter  occurs^in  the  milling 
machine  during  the  cutting  process,  reduce  the 
speed  and  increase  the  feed.  Excessive  cutter 
clearance,  poorly  supported  work,  or  a  badly 
worn  machine  gear  are  also  common  causes  of 
chattering. 

Indexing 


FEEDS. -The  rate  of  feed  is  the  rate  at  /  Direct   inclexing,   sometimes  called  fapid 

which  the  workpiece  travels  past  the  cutter.       indexing,  is  done  with  the  244iole  direct  index 
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plulo  which  is  mounlod  just  hack  of  the  work  oi\ 
the  in«lf  X  ho;ul  spindle  (tifi,  Disonj^ago  the 

iiulox  crank  worm  Irom  the  iiuiex  head  spindle 
so  y^)u  can  rotate  sinuiltaiieously  by  hand  the 
direct  index  plate,  spmdie.  and  work.  An 
iiuloxiii);;  pin.  entering  the  index  plate  from  (ho 
rear,  locks  the  assemhiy  and  prevents  unwanted 
rotatioj).  Von  can  produce  any  numlx-r  of 
divisions,  evenly  divided  into  24  (2,  3.  4.  (\  8, 
.12.  24  L  by  tUijv  iuuMuhU  H  you  need  to  divide  a 
piece  ot  work  into  (>  e^ual  parts,  lor  instance, 
divide  b  into  24.  I  he  result.  4,  is  the  number  ol" 
holes  to  advance  the  index  place  For  each  cut. 

in  any  indexing  operation  ALWAYS  start 
counting  from  the  hole  adjacent  to  the  crankpin. 
During  heavy  cutting  operations,  lock  the 
spindle  with  the  clamp  screw  to  relieve  strain  on 
the  index  pin. 

Plain  indexing,  using  the  universal  index 
head,  is  governed  by  t!ie  number  of  times  the 
index  crank  must  be  turned  to  cause  the  work  to 
make  one  revolution.  Index  heads  aix:  available 
with  ratios  of  4:1.  .S  I,  and  40:1.  The  40:1 
index  head  is  most  common,  so  formulas  based 
on  this  ratio  are  explained  next.  If  you 
encounter  an  index  head  with  a  different  ratio, 
just  silbstitute  that  ratio  for  40. 


riie  nunilxM  of  turns  of  the  index  crunk 
re(,|uired  to  index  a  Iractional  part  of  a 
revolution  is  dctcMniined  by  dividing  40  by  the 
number  of  divisions  required.  I'or  exanjple,  it 
you  are  required  to  make  40divisibns  on  a  piece 
of  work.  lUvidc  40  by  40.  indicating  that  one 
eomplete  li\rn  of  the  index  crank  is  required  for 
each  divisioL  If  10  divisions  are  required,  divide 
40  by  10;  4^ complete  turns  of  the  index  crank 
wHt  be  required  for  each  division.  The 
calculation  for  determining  800  divisions  when 
an  index  plate  with  20  holes  is  available,  is  as 
.follows: 


40 


800  20 
or  I  hole  on  the  20-hole  circle 


Suppose  you  need  to  make  9  divisions; 


40^  £ 
9     ^  9 


or  4  turns  ami  4  holes  in  a  9-hole  circle 


OIRECT  INOEK 
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You  will  not  be  able  to  find  a  9-hole  circle, 
so  you  must  multiply  the  numerator  and 
denominator  of  the  above  fraction  by  the  same 
factor  to  correspond  with  an  available  plate.  If 
you  have  a  plate  with  a  27-hole  circle,  your 
problem  is  solved  since  9  divides  into  27  three 
times,  therefore: 


40    3  _  1 20  .12 

9  ^3~T7"=f  27- 

or  4  turns  aiul  f  2  holes  in  a  27-hole  plate 


Occasionally,  you  may  make  a  number  of 
divisions  that  may  lead  to  some  compHeations, 
52  for  instance.  It  is  doubtful  that  you  will  be 
able  to  find  ^  (Slate  with  a  52-hole  circle  so  you 


could  reduce^your  fraction: 


i<^-20 

\  ^52  "26 


'9^52 
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Thifi  will  work  if  you  hiive  an  available  26-holc 
circle.  If  not.  yoti  will  need  some  further 
manipulation  of  the  basic  problem.  Try  dividing 
by  a  common  factor: 


52  U 


10 

13 


No  13-hole  plate  either?  Then  multipJy  the 
result  by  a  common  factor: 


I  3  '  3 


30 
39 


You  have  a  3y-hole  plate  so,  as  odd  as  it  may 
seem.  30  holes  in  a  39-hole  circle  will  produce 
52  graduations. 


When  indexing  is  necessary,  do  not  become 
discouraged  by  strange  looking  fractions.  You 
can  divide  numerator  and  denominator  by  a 
number  which  divides  evenly  into  both  to  find 
an  appropriate  index  plate  s^^ith  a  smaller 
number  of  holes,  or  /ou  can  multiply  both  by  a 
common  factor  to  correspond  with  an  index 
plate  with  a  larger  number  of  holes. 

To  avoid  the  confusion  of  counting  holes 
each  time  you  index  your  work,  be  sure  you  set 
the  sector  arms  (fig.  9-59)  before  starting. 
Adva^ice  the  rear  arm  up  to  the  index  pin,  then 
set  the  lead  arm  to  span  the  correct  number  of 
holes.  You  can  now  lock  the  sector  arms  so  they 
move  together,  but  not  independently.  When 
you  index  your  work  and  set  thfe  index  pin  next 
to  the  lead  arm.  simply  slide  the  back  arm  up  to 
the  pin  in  preparation  for  your  next  indexing. 

Angular  indexin^^  althou^^h  quite  siniilar  to 
plain  indexing,  is  applied  differently.  Rather 
Shan  dividing  a  workpiece  into  a  numbeKof 
evenly  spaced  sections,  index  your  work  to 
achieve  a  certain  angular  relationship  between 
surfaces.  Since  the  index  heacj  rotates  at  a  40:1  . 
ratio,  one  turn  of  the  index  crank  revolves  the 
work  1/40  of  360^  or  9^  Therefore,  9^ 
becomes  the*  basis  for  computing  required 
angles. 


Suppose    you    need   to   produce  several 
surfaces  at  an  angle  of  1 5"^  to  each  other.  Simply^ 
divide  the  angle  desired  by  9; 

9     '  9 

You  need  to  rotate  the  index  crank  one 
revolution  and  6  hales  in  a  9--hole  circle.  You 
will  not  find  a  9-hole  circle,  but  an  index  plate 
with  54  holes  is  common.  Therefore,  mujtiply 
by  a  common  factor  to  correspond  with  an 
available  plate: 


6  y  6.=:  36 
9^6  54 


One  turn  and  36  holes  in  a  54-hole  circle  will 
result  in  a  15"^  advance  of  the  index  head, 

Now  try  tliis  one:  You  need  to  produce 
somQ.  surfaces  at  85^  to  each  other,  and  you 
wanf  to  use  a  27-hole  circle: 


9     ^9  ^27. 


or  9  turns  i^nd  12  holes  in  a  27-ho!e  circle. 

What  will  happen  if  a  rotation  of  25^^10'  is 
called  for?  First  of  all,  convert,  the  9""  basic 
figure  to  minutes: 

9  X  60  =  540' 

Then    convert    25°I0'    to  niinutesr 
25  X  60=  1500'  plus  10'=  1510'.  Now  proceed 
as  in  previous  examples: 

1510. -,430 
540  /^540 

'  You  may  have  already  guessed  that  an  index 
plate  with  540  holes  is  going  to  be  rather  rare. 
How  about  reducirtg  the  fraction  Jby  a  common 
factor?  ' 

430^  10_43 

540  ■  10    54  ; 

There  it  is.  Two  turns  and  43  holes  in  a  54-hole 
circle." 
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MILLINC;  MACHINE 
PRECAUTIONS 


A  milling  macliinc  operator's  first 
consideration  sJujiHtl  be  lor  sal'ety,  and  you 
should  attenvpt  nothing  that  may  endanger 
yourself  or  others.  '  (  ARtLFSSNHSS  and 
IC.NORANCI-  ^if  the  two  great  ha/ards  to 
personal  safety.  Milling  machines  are  not 
phytfmigs  and  must  bv  accorded  the  respect  due 
any  machine  tool. 

\'or  everyone's  safety .  observe  the  Ibllowing 
precautions. 

1.  Nl'VI  R  attempt  to  operate  a  niachine 
mdess  you  are  sure  you  thoroughly  understand 
it. 

2.  Do  NOT  throw  an  operating  lever 
without  knowing  in  advance  the  outcome. 
Before  you  attempt  to  operate  any  mil'ling 
machine,  study  its  controls  thoroiiglily  so  that, 
if  an  eriiergency  arises  during  operation,  you  can 
stop  it  immediately. 


3.  Do  NOT  play  with  control  levers  or  idly 
turn  tlie.  handles  of  a  milling  machine,  even 
though  it  is  not  running. 

4.  .  Do  NOT  take  a  cut  without  being  sui-e 
that  tlie  work  is  secure  in  the  vise  or  fixture  and 
that  the  holding  member  is  rigidly  fastened  to 
the  machine  table. 

5.  Nl-Vl-R  lean  against  or  rest  your  hands 
upon  a  moving  table.  If  it  is  necessary  to  touch  a 
moving  part,  be  certain  you  know  in  advance  tiie 


direction  in  which  it  is  moving. 

6.  There  .is  always  danger  to  your  eyes  from 
Hying  chips.  You  MUST,|m)tect  your  eyes  with 
goggles  and  keep  theni/out  of  line  of  the  cutting 

action.         .  / 

/ 

JT^ALWAYS  remove  chips  with  a  brush  or 
^^uirsnnable  agent   Nl-VI-R  with  your  fingers 
or  hands. 

8.  Above  all,  KHEP  CLEAR  OF  VhE 
CD  rTHR.S.  Do  NOT  touch  a  cutter,  even  when 
it  is  stationary,  unless  there  is  a  good  reason  for 
doing  so.  If  you  must  touch  it,  be  very  careful. 


4. 

4 
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OPTICAL  AND  NAVIGATION  EQUIPMENT 


This  dlKi|>tcr  will  cover  most  of  the  ^iiakll . 
instruments  you  will  be  required  to  work  on  as 
an  Opticalman.  Wc  will  explain  the  complete 
repair  procedure  for  some  of  these  instruments 
because  there  is  no  supporting  •technical  manual. 
We  will  describe  other  instruments  only  briefly 
because  technical  manuals  will  be  available  to 
you  at  your  duty  station. 

The  instruments  range  from  strictly 
mechanical  navigation  instruments  to  simple 
optical/mecl^anical  devices  through  complicated 
precision  optical  instruments.  Regardless  of  the 
Simplicity  or  complication  involved »  you  will 
have  the  opportunity  to  put  to  practical  use  all 
of  the  information  contained  in  previous 
chapters  of  this  book 

PARALLEL  MOTION  PROTRACTOR 

I'he  parallel  motion  protractor  (PMP)  is  a 
mechanical  devia*  used  by  the  navigator  to  plot 
positions  and  courses  (fig.  IQ-l).  A  transparent  ' 
.plastic  scale  is  attached  to  a  protrat^tor  head 
(360''  graduations),  which  c«n  be  rotated  a  full 
360^  and  locked  in  any  position.  RugardleJw  of 
whtre  yo4  position  the  protractor  head,  the  two 
arms,  or  the  elbow  joint,  the  scale  will  remain 
parallel  to  the  original  position  ^as  you  move  it 
over  a  chart.  This  parallel  motion  is  obtained  by 
single  pulleys  at  the  head  and  bracket  and  a 
double  pulley  at  the  elbow',  fitted  with  steel 
bands  (shown  removed  in  figure  10-1).  ^ 

The  MJc  3  Mod  3  PMP  (illustrated)  is  quite 
targe.  Each  arm  is  approximately  18  inches  Iqng, 
atid  the  protractor  head  is  7  inches  in  diameteri 
The  fleet  also  uses  smaller  instruments  which 
ajre  Siniihur.  The  repair  procedures  that  follow 
will  generally  apply  to  n;ost  types  of  PMP*s. 


137.567 

Figure  -Parallel    motibn    protractor  <bandi 

*  removed). 

♦ 

DISASSEMBLY 

Prior  to  disassemfeling  a  PMP,  or  any  other 
^  instrument,  thoroughly  Inspect  the  mechanical! 
operation,  function,  and  appearance,  and  note 
defects  on  an  inspection  sheet.  Although  we  will 
cover  complete  overhaul  in  this  manual^  it  is  not 
practical  to  disassemble  an  instrument  furtJier 
than  necessary  to  make  repairs  and  adjustments 
to  restore  the  device^,  to  normal  operating 
condition.  Refer  frequently  to  the  numbered 
items  in  figur^  102  (see  foldout  at  end  of 
chapter)  as  we  explain  the  disassembly 
procedure. 

1.  Remove  three  screws  (59)  from  the 
handle  (38)  and  lift  off  the  handle.  Now 
un$crew  the  scale  lock  **L''  nut  (6)  and  remove 
the  spring  (8).  While  holding  the  base  plate  (3), 
remove  nut  (63)  with  a  socket  wrench;  then  lift 
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the  head  off  the  bench  and  tap  the  end  of  the 
9pindle  unit  (4)  wUh  a  fiber  mallet  to  drive  It 
out  .of  the  head.  Notice  that  a  pin  through  the 
spindle  engages  a  slot  In  the  witness  plate  (3 1)  so 
whei^  the  scale  iti  unlocked,  the  base  plate  (3) 
turns  the  witness  plate^  Remove  the  protractor 
lock  (I)  and  "L"  nut  shim  (40).  Now  you  can 
remove  the  brake  screw  (46)  from  the  protractor 
lock  plate  (2)  and  separate  the  protractor  (32) 

rKl-tlie-wi^ess^platri5i^r^tip-thxrscale  lock  

screw  (7)  away  froirt  the  friction  plate  riveted  to 
the  protractor..  NOTE:   Do  not  mix  up  the 
component  ^parts    of   the    scale    lock  and 
protract o/  lock. 

2.  Remove  the  four  band  covers  (45)  (if  so 
equipped).  These  covers  are  made  from  thin 
formed  steel  and  are  friction  fitted  between  the 
upperland  lower  elbow  brackets  (9)  and  the  fork 
bracket  (28)  and  head  bracket  (37).  The  covers 
are  U-shaped  (open  on  the  bottom!  Grasp  the. 
cover  several  inches  from  the  elboVbcacket, 
squeeze  slightly,  and  slide  the  cover  into  the 
elbow  bracket  until 'the  other  ehd  clears  the 
head  or  fork  bracket.  Then  lift  the  cover  fr«;e 
and  slide  it  out  of  the  elbow  bracket.  NOTlEr  Do 
not  crimp  or  bend  the  covers. 

3.  Remove  tension  on  the  bands  by  turiiting 
the  upper  (47)  and  lower  (50)  tubes  clockwise. 
The  pins  (49)  provide  a  finger  hold.  Thrust 
screws  (57)  in  the  tubes  are  slotted,' so  you  can 
Insert  9  pin  punch  or  small  screw  driver  In  hofcs 
in  the  upper  and  lower  elboVr>brackets  (9X  to 
hold  the  screws  while  rotating  the^tubes. 

4.  Remove  the  head  pulley  band.  If  .the 
band  is  not  loose  enough  to  slip  over  the  pulley 
(33),  repeat  step  3.  Once  the  band  is  removed, 
pull  the  head  bracket  (37)  away  from  the^ldwer 
lube  (50)  and  remove  the  tube.  Do  not  lose  the 
two  thrust,  plugs  (56).  Use  a  socket  to  remove 
nut  (39)  from  the  spindle  bushing  (34yVnd  tap 
out  the  spindle  bushirtg  from  the  bottoniWith  a 
fiber  mallet.  (This  will  separate  the  head  Into  the 
fniOor  components  shown  in  figure  10-3). 

5.  Remove  the  /band  from  the  'mass  pulley 
(27).  See  stej)  3  if  the  band  is  too  tight  to  slip 
off.  Pull  the  elbow  bracket  (9)  away  from  the 
upper  tube  (47)  and  remove  the  ^ube*and  thrust 
plug  (56).  Notice  that  the  upper  and  lower  tubes 
are  not  interchangeable. 
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Fifluri  10-3.-l>ar«llfll  moti(A>  protractor  Yiaad  oom- 

pof^nti. 


6.  To  dlsaj^mbl^.,  the  elbow  bracket 
remove  th?  brakd  knpb  (1 1).  TTiis  will  free  thf 
lower  brake  slia ft  (13)  and  plate  (14.)  and  the 
upper  brake  (16). 'With^twQ  socket  Wrenches, 
unscrew  the  elbow  nut  (19)  from  tlie  elbow' 
spindle  (17).  Tliis  will-  free  the  upper  and^ower 
dbow  brackets  (9),  the  upper  and  loyer  brake 
linings  (15)  ahd  disc  (18),  and  the  elbow  pulley 
(10).  (See  figure  10-4.)  NOTE:  Protect  all 
components  from  possible  damajg;e  from  nicks  or 
benditig. 
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Fl9ur«  1Q-4.-Paral»M  motion  protractor  tlbowoom* 

ponentu 
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7.  ftemove  theTbraUc  knob  (II)  and  brake 
(16)  from  the  fork  bracket  (28).  Unscrew  the 
ll^w  nut  (19)  with  a  socm,  frefeing  the  brakd; 
di^  (18)  and  lining  (15).  Now  remove  screws 
(68),  (|l)  and  (74)  to  (fcrtioye  the  tybe  support 
(58)  aml^ork  bracket  (28),  Remove  the  hinge 

I  mounting  mast  iiorew  .(42)  from  the  hinge, 
mounfing  (21),'and  pulT  out  the  mast  (44).  The 

.disassenilbi^di,  components  dre  shown  in  figure* 
10-5.  •  ' 

8.  It  is  usu^j^  unnecessary  to  disassemble 
the  PMP  ^^ny  aiitner  unless  it  is  to  be,  strippe^l  . 
and  painted  or  unless  damaged  bearings  are  to  be 
replaced.  Chtek  bearings  by  rojtating  them  with 
your  fingers.  They  should  rolUmoothly  without, 
catching,  jumping,  or  binding.  If  you  note  any^ 
defects,  the  hearings  must  tte  replaced.  You  can 
cMeflill'y  pre$s  ouf  anti  replace  bearings  either  by, 
uslhg  a  bencKlyise  and  two  sockets,  as  shown  in 
figure  10:6,  6r  by  Using     afbdr  press. , 
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itor  bfaring  r«mMal. 


INSPECTION,  CLEANING, 
REPAIR,  REASSEMBLY 

M5s,t  defects  in  the  PMP  can'b,e  detected  ^ 
during  •  the   pre-disassembly   inspection  an^ 
verifted  upon  disassefnbly.  Perhaps  the'  most 
8©rioujj[vcaSualty  i%a  danviged  pulley;  There  ca^^ 
bc;,  W  ni^kS,  burrs,  or  eccentricity,  and  all 
pulleys  mu«t'  be  exaptly  th6  samfr  diameter  to 
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provide  jiarallel  motion  of  the  scale  attached  to. 
^  th6  base  plate,.,  ,        ,  . 

^  0C^efyliy.  mask  parts  that  require  repainting 
/OiJwJCh  up  so  that  no  paiiii  toiicfies  bearing 
.  sirWaces,  brake  components,  thfeads,  or  spindles. 
EfWck  wrinkle,. finish  is  preferred,  and  most 
durable,  for  aU.  parts  except  those  which  ai-e 
engravedf  Semiglois  envnd  is  us,ed  on  thes^ 
componen,)^s,  followed  •  with  a  Monofil 
application  on  marking^  .  , 

Clean  PMP  pii'.tf  with  paint  thinuer  or,  a\ 
similar  so^iit  to;  amove  oil  and  (iitt.  mow  iy, 
the  qjear^  parts  W  V'^fpe,  them'  witlf  t  clean, 
linttfree'CToth.  Thi  'puUeys,  band|, 'and  brakes 
'  must  ro^ni^n  absolutely  free'xjf^oll  or  gl'ease.'  •  ,  . 

Occasionally,  a  PMP  vvill  b^'seit  tQ  the  shop  ■ 
with  a  broken  ot<*  kinj^ed  bar\d.  ^inKi^  are  npt>. 
easy  to  remove^  but  you  can^w(Jfk  tt^m  out  on  a 
surface  plate  or  oth«i!  Modth  Suiffaqe  with  a 
fiber  mallei  If Ajthe'.kirt V  isf^e^^^        out  the 
*dain.aged  portion  ftnd  g^ind  the  enlis  square. 
(The  same  Irotedure  is  U8ed*f6r  a»broken  band.) 
pn,6e .  the '  (ginds  are "  squai^d,'^^^^^^^  jband 
togetrr^r>  using  the  welding  attachmeitf  on  ^ 
•band«a.w.  After  wplding,  dress  the'  scam  ^ipwf 
with  ti  fine  iharbening  stone.  The.biands  used  oh  , 
a  PMP  do'  rixit  heed. to  bV  th?  sam^  length  to 
f\»nction  properly.  They,  do  hfve  to  be.  ldng 
enough,  to  allow  instaliatwiv,*  lemo^l,  aiid 
ren8idfiiadju^tme1)t.'*Vv      ;  V 
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Prior  to  assembly,  pheck  all  threads  tor 
damage.  Restore  damaged -areas  or,  if  necessary, 
replace  the  parts.  Also  check  brake  cojnponents 
for  damage  and  replace  unsuitable  parts. 

Keassembly  of  tlie  PMP  is  done  in  the 
reverse  order  of  disassembly.  Bearings,  spindles, 
and  threads  should  be  lightly  lubricated. 


NOTK:  Do  not  allow  any  grease  on  brakes, 
bands,  or  pulleys.      •  " 

Jwhen  you  adjust  the  PMP  bands,  they 
should  be  tight  e^nough  to  '*ping"  wlien  plucked< 
They  must  be  tight  enough  to  prevent  slipping 
on  the  pulleys  but  not  so  tight  {is  tc>  be  strained, 
After  the  bands  have  th?  proper  tjjnsion,  turn 
the  tube^ightening  plhs  (49)  so  theyi^re  parallel 
with  the  work  bench.  -      '  . 

After  the  PMP  is  assembled,  the  ^cale' lock 
and  protractof  lock  should  be  in  th^  position- 
showti  in  figure  10-2  when  they  are  locked.  If 
this  condition  is  not  met,  remove  the  "L"  nuts 
(6)  and  turn  a  10-32  Screw  into  t^e  ''L'*  nu>t,;<o 
remove  the  threaded  bushing.  Turn  the  bushings 
snugly  back  on  the  hra^e  screw  (46)  and/or  scale  ' 
lock  screw  (7),  then. tap  the  "L"  nuts  on  to  the 
bushings,  in  the  proper  portion,  with  a  fiber 
mallet.  -  } 


JMace  II  large  sheet  of  clean  paper  on  your 
workbench  under  the  PMP  scale.  With  the  PMP 
in  the' position  shown  in  figure  lO-l ,  draw  a  line 
on  the  paper  along  the  scale.  Manipulate  the 
PMP  so  the  elbow  bracket  is  on  the  left  side  and 
the  scale  is  in  the  approximate  original  position. 
Using  the  rule,  now  draw  another  line  parallel  to 
tlic  fiist  .line.- It-the  two  lines  are  parallelr  your- 
repair  and  iftdjustinent  have  bee-n  accomplished 
correctly.  If  the  lines  are  not  parallel,  thft  scale 
lock  could  have  been  loose,  the  bands  may  not 
be  tight  enough,  thoy  may  be  dirty,  or  there 
may  be  some  misalignment  or  looseness  in  the' 
PMP.  Another  commofii)ause  pf  nonparallelistn 
is*  that  the  bands  may  n(^?  be  seated  in  the  pulley 
grooves.  Rochcck  all  phases  of  assembly  and 
adjustment  until  parallel  lines  are  produced.  ♦ 


MAGNETIC  COMPASS 

The  Navy  has  equipped  all  its  ships. Svith' 
GYROCOMPASSES,  but  the*lai^e  ships  also 
have  MAGNETIC  COMPASSES  similar ,t(\  that, 
shown  in  figure    10-7.  Ships'  boats'?  del^end 

.  0  \  (  •  ■ 


Support   the   protractor  dirTctly 


NOTE: 

under  the  "L".nut  with  a  block  of  wc/od^ while 
reseating  the  "L"  nuts.  • 


Tlie  brjjkes  on  the  elbOw  bracket  and  fo'rk 
bracket  are'lmerely  friction  brakes. to  prevent 
unwanted  rfiovempnt  while  the  *PMP  is  in 
use-'they  do  not  lock  thes$  brackets. ;  / 

For  final  adjustment  of  the  PMP,  mount  the 
lunge  moimting  (21)  on* the  ancjior  plate  (25)^ 
and  tighten  and  lock  the  Inclior  screw  (26). 
Mount  any  convenient  scale  on  the.b&se  plate^ 
(3)  arid  swing  the  scale  to  see  if  it  passes  freely 
under  the  elbow  bracket.  To  in^ke  t|i!s 
adjustment,  turn  set. screw  (23?  ai^d  lock^the 
adjustment  with  jam  nut  (i4).  If  the  top  of  the 
elbow  puUpy  (10)  is  not  aligr\ed  with  the  mast  ^ 
pulley  (27),  ^te^ately  loosen  and  tighten 
screws  (7r)^ajid,(74>  to.raise  or  lower  the  tu^e 
support  (5^.  Then'  i»chdck  so^ie  clearance 
i»nder  the  elbo.w  brac^cet.' 


y 

IC 


,  fiVitf  10-7.-U.  ^^vy  7  V2'lmA  maonttte  TO 
10-4^  ^ 


Chapter  lO-OPTICAL  AND  NAVIGATION  EQUtfMENT 


Fl^ni  10-8.-Stand«rd  4>in«h  boat  compMt. 
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entirely  on  the  magnetic  cotnpass  sh.own  in 
figure  10-8. 

The  size  of  a  compass  is  tlfsignated  by  the 
diameter  of  the  compass  card.  The  large 
7  l/2^inch  compass  shoWn  in  figure  10-7  i» 
complete  with  gimbal  ring,  and  the  4-inch  boat 
compass,  in  figure  10-8  has  the  gimbal ,  ring 


removed.  When  a  magnetic  compass  is  mounted 
in  A  ship  or  boatr^*^©  gimbal  ring  an-angement 
kttpi  the  comp^J^vel  regardless  of  the  motion 
pf^e  vessel. 


For  a  completcsjJtMmination  of  compals 
nomenclature,  refer  ttfTTgu^c  1.0-9.  The  compass 
baw]-is-comptet©ly-filled-^lth-var!}ol-(mineral- 
spirlts)  or  a  mbcture  of  45%  alcohol  (190  prooO 
Md  55%  distilled  water.  For  obvious  reasons, 
me  compass  fluid  must  not  freeze.  By  using  a 
fluid  filled  compass,  the  flpat  assembly  (float, 
compass  card,  and  maghet^)  is  stabilized  against 
vibration,  pitching,  and  rolling.  Also  since  the 
float  assembly  is  lighter  wljen  submerged.  It  is 
more  sensitive  to  magnetic  attraction  of  the 
Earth's  poles.  (The  float  assembly  of  a 
7  J /2-inch  compass  weighs  3,060  grains  in  air 
and  90  grains  submerged.) 

The  compass  bowl  is  imade  of  cast  brass  or 
bronze  (nonmagnetic).  The  top  is  machined  to 
accept  a  thick  cover  glass,  a  gasket  recess,  and  a 
bezel  ring  to  hold  the  glass  and  compress  the 
gasket.  The  bezel  ring' is  secured  with  8  to  12 
screws,  depending  on  the  size  of  th^  compass. 
NOTE:  Except  for  the  magnets,  a  compass  must 
be  constructed  of  nonmagnetic  jnateri^ls. 
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The  no;H  is  a  hollow,  scaled  chamber  with 
magnets  soKIokhI  to  the  Iwt torn,  a  s/iitlictic 
sapphuv  pivot  ji.\wc|.  held' in  the  cciitcM-,  aiiJ  a 
coin  puss ,  card  rivototi  to  the  outside.  The 
compass  card  is  very  thin  and  fragile,  Markings 
on  the  compass  card  (fig.  lO-.S)  arc  stamped  out 
of  the  card. 

Kaflior  than  having  tour  har  magnets,  the 
AHJmpass  Ikis  nuH^nets  hhat  arc  actually  hiindles 
'^t    sinair  magnetic   wires.    Iliis  arrangement 
prttvidos  more  magnetic  attraction  than  solid 
bar's.  ^ 

A  tough  metal  pivol  is  attached  to  the 
expansion  cluunber  to  support >  the-  float 
assembly  and  to  hold  it  in  the  center  of  the 
compass  bowl.  I  ho  pjvot  tip  is  lornied  .with  a 
very  small  radius  to  reduce  friction  against  the 
pivot  jewel.  Yo.u  inav  suspect  by  now  that  the 
.  n«it  assembly  must  be  balanced  in  order  to 
[  funetioji  properly.  Balancing  is  accomplished  by 
adding  or  removing  solder  on  the  bottom  of  the 
Hoat. 

All  expansion  chamber  is  secured  to  the 
bottom  of  the  com pas.s  bowl  aiul  protected  by  a 
ba.se  plate.  Ihe  expansion  chamber  is  a  thin 
metal  fieHows  which_c()nipensales  for  expansion 
and  contraction  ^^Tfie  compass  liquid  caused  by 
temperature  changes.  TTie  compass  in  figure  10-9 
uses  ;r  sealed  hollow  ^  chamber  which  is 
surrounded  by  liqi'iid.  You  will  run  across 
compasses  that  have  the  expansion  chamber 
SurroimdiHt  by  air  but  are  open  to  the  compass 
*5owl  litpiid.  V  V  ^ 

INSPECTION  AND  mSASSEMBLY 


l^hen  a  compass *is  sent, to  the  optical  shop' 
for   repair,  a  careful  inspection  will  usuitlly 
indicate  probable  defects  priof  to  disasseii'ibfy. 
The  following  list  of  defect's/causes  ^should  be, 
benafieial.  '  ' 

•  If  the  con^pass  cardis  je^el  and^Uiere  is  a  • 
hirge  bubble  under  the  glass  ^eover,  liouid  is 
leakirig  around  the  cover  glass  or  filler  pUig,  or  ' 
there' i!^  a  leak  in  or  aBeiTpd  Jho  expansion 
chamber. _        \  -   •  . 

•  If  the  clpi^ass  card  is  ^tilted  and  a  large  '  . 
bubble  is  under  lie  glass  cover,  there  is  probably  ^ 
V»  leak  in  the  float.    -  '  * 


•  If  there  is  no  bubble  under  the  cover, 
glass  but  the  can!  is  tilted,  the  inagiiets  have* 
shifted,  or  the  balancing -solder  has  fallen  off  the 
tloat,  or  the  float  has  Jumped  off  its  pivot. 

•  Put  the  compass  on  a  level  workbench 
and  turn  it  until  the  north  point  on  the  card  is  at 
the  lubber's  line  (vertical  line  in  the  bowl).  With 
a  niagnef.  deflect  the  compass  card  exactly  11 
>and  then  quickly  remove  the  magnet.  The  card 
will' then  swing  back;  as  the  zero- mark  grosses 
the  lubber's  lijie,  statt  a  stopwatch,  Thb  zero' 
niJVk  will  reach  the  end  of  its  swing  and  start 
back;  aH  it  crosses- the  lubber:s  line  the  second 
time,  stop  your  stopwatch  and  read  it.  The  time 
you  leiid  is  THLi  PRRIOD  OF  THli  (  OMPASS, 
and  i|i should  be  10  seconds  or  less.  If  it  is  longer 
thanj^  I  (^seconds,  the  magnets  are  weak,  or  the 
pivot  point  is  in  poor  condition. 

•  If  the  float  does  not  swing  freely  under 
the  inlluence  of  a  magnet,  the  pivot  point  or  the 
jewel  is  bix)ken. 

The  recommended  procedure  fm- 
disassembling  a  magnetic  compass  is  as  follows: 

I.  Remove  the  filler  plug  and  drain  out  a 
small  quantity  of  the  liquid  to  prevent  spillage 
when  tryingUo  handle, a- full  compass  bowl.  Th.en 
replace  the  filler  plug.  Save  theJkiuid  you  drew 
out. 

.  2.  Mark  the  lip  of  the  bowl  and  the  edge  of 
the  bezel  ring,  because  you  miist  put  the  bezel 
ring  back  in  the  same  position  i^  occupied  before 
removal,  •  • 

3.  Removb'screws  from  the  bezel  ring. 

CAUTION:  ifposerreach  screw  jrliftie  k  a.^me, 
in  rotJKtion  or  opposite  each  otHe'r,  to  pre):eiit 
tilting  of  the  bezel  rinfe  and  possible  brealiage  of 
the.glass.  • 

4.  Oft  off  the  bezel  ring  aild  then  remove 
and  discard  the  rubber  gasket.  - 

,  5.  With  a  suction- gripper  (fig.  lO-'lO),  lift 
the  ghis^,.  CAUTIOK:  Tlie  4?l^ss  is  beveled  to  a 
thiir edge  and  cliigs  easily, 

■  6.  Test  thejToat  for  leaks.  Push  down  on  •  ' 
one  side  of  theTloat,  as  shown  in  figure  10-J  I, 
hojd  it  down  for  several  seconds,  and  then' 
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Figurt  10-11.-T«tting  tht  flott'for  iMlti.  / 

Telease  it.  Rer^at  this  t^  at --three  fiift'erent 
points  around  the  card.  If^Ue  float  stsiys  down 
at  each  of  the  three  position^',  it  contains. liqujd. 
If  the  .float  stays  doWn.at  only  one  position,  the 
^^^^problem  is  caused  by  loss  o'(  balance.-  » 
/^"X-  .7.  With  a  piece  of  wire  bent  to  fown  two' 
hooks  (fi^.  10-12),  lift  the  fl«at  ouL^ 

8.  Pour  "the  remainder' of  tliPltiuid  from 
the  bowl,  and  ifilter.'tt  through  fiiter  paper  or 

-  absorbent  cotton  into  a  clean  bottle  for  future ' 
use.  ... 

9.  To  remove  the  pivot,  fit  a  spcket  wrench 
oyer  It^  hexagonal  base  and  *  turn 
couhtcjrclQckwise.  CAUTION:  Be  sure  the  center 
hple  of  the,  wrench  i?  o^ep  erfougH  to  provide 

#      clearanqe  for  the,  pivot  pqjnt. 
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if=lgurt  10-12.~R«movlng  tht  float  Miwnbly. . 


10.  Turn  the  bowl  over  and,  witli  a  punch, 
make  light  register  marks  on  the  bowl  and  the 
base  plate  to  guide  you  in  reassembling  the  base 
plate  in  its  originajl  position.  Remove  fh'e  screws 
from  the  base  plate  and  lift  it  off. 

11,  Figure  10-13  shows  a  typical  method  of 
securing  the  expansion  chamber  to  the  compass 
bowl.  Beneath  the  lock  nut  is  a  brass  friction 
washer,  and  under  this  washer  is  a  "lead  washer. 
Between  the  chamber  and  the^bottom  of  the 
bowl  is  another  lead  washer.  When  these  washers 
are  put  under  pressure,  they  Seal  the  opening  in. 
the  bottom  ofthe'bowl.  Turn  the  bowl.over  and 
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romovo  (ho  <.v\pa.nsKMi  cluimbci  lock  luit  with  .1 
socket  wrench.  ( AU  TION:  Do  not  set  tlie 
compass  ilown  on  the  expansion  chantt>er. 

12.  Renuwe   the  expansion  elunnbor  fiom 
.the  bowl  ami   inspect   it   lor  leaks  or  other 
(la  mage. 

REPAIR  ANI)  AS.SI:MBLY 

Inspection  ol  parts,  repan.  ami  reassembly 
of  a  magnetic  con»pass  are  Jiscnsseil  toj^ether 
step  by  step,  as  lollows.  1 

1.  II  the  expansion  chamber  is  in  gi)oil 
condition,  ♦reassenible  it.  (  AU  I  ION:  J)o  NOT 
forget  the  Icail  washer  between  the  expansion 
chamber  ami' -the  botlom  \)r  the  bowl.  11  (his 
washer  is  not  in  perfect  coiulition.  replace  jt. 

2.  Replace  the  second  lead  washer,  iusidc 
the  bowl,  and  replace  ihf  brass  friction  washer. 
If  neces.sary.   n.se   a    new    washer.   Start  the 

'hoxogonal  lock  luit  l>y  hand  and  tighten  it  with  a 
sockvt  Vrench.  NOIT  :  Use  enough  tension  to 
seal  the  lead  washer?*, 

3.  I»\it  the  base  |5lato  back  into  po.sition; 
thej)  replace  the  b;«se  plate  screws  and  tighten 
them.  (  AU  nON  Bo  sure  to  line  u|>  the  marks 
you  made  during  di.'^i.ssembly ;  otherwise,  the 
compa.ss  will  be  out  of  balance. 

4.  With  a  magnifying  glass,  inspect  the 
pivot  point  lor  wear.  Study  f»gure  10-14.  Tlie 
tnagnilled  pivot  m  part  A  is  badly  worn  and 
rohiuled.  The  pivot  m  part  B  is  properly  .shaped. 


NOli;.   A  badly  worn  pivot  point  makes  a 
compass  .sluggish. 

.S,  If  the  pivot  point  is'worn.  put  it_in  a 
lathe. and  reshape  it  with  \\  fine  carborundum 
stone  (fig,  fO-LS).  Then  polish  it  with  a  hard 
Arkansas  oilstone  and  inspect  again  for  correal 
shape.  The  tip  of  the  |>ivot  should  have  a  radius 
of  .005  inch. 

^.  Remove  the  .screw  from  the  top  of  tho^jF 
lloat  and  u.se.a  pie-ce  oJ' ix'gwood  with  a  rounded 
end  to  push  thy;  jew^d  and  \ts  spacer  okA  of  the 
lloat.  .Study    figure    10-16.    CAU I  ION^;  Be 
extremely  careful  at  all  times  when  handling  the 
float  to  avoid  damage  to  (he  compass  card.  None  • 
a  steel  needle  to  a  sharp  point  on  an  oilstone  and 
rest  it  on  your  fingernail  (fig.  10-17).  If  it  slides 
under  its  own  weight,  it  is  NOT  sharfi  enough;  if 
it  catches  on  your  thumbnail,  it  has  correct 
sharpnes.s.  Now  slide  the  needle  under  its  own  • 
weight  Over  thO  whole  bearing  surface  of  the, 
jewel,  as  shovxMi  in  figure  10-18.  If  the  surface  of  ' 
the  jewel  ha/a  crack  or  a  pit,  it  will  snag  the  line 
PQint  of /he  needle.  NOTi:.  M  the  jewel  1s 
defbcjtiy*;  replace  it. 

7.  Test  the  float  for  leaks  by  submerging.it 
in  warm  water  (I20°F).  Tlie  heal  will  expand  ' 
the  air  inside  the  lloat;  if  there  are  leaks  in  the 
lloat,  air  will  bubble  out  through  them.  Use  a 
pencil  to  mark  the  position  of  leaks. 
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Figur*  10-16.-t^«movinQ  th»  j«w«l  from  the  float. 
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F^Htrt  lO-t  J.i-TfitiiHI  •  hMdle  for  ihaft^iMii. 
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U  the  float  has  a  leak^  drill  a  sn\ji|j[vei|t  hoM 
it',  drain  out  the  liquid,  and  dry  the  float  in  a*^n 
oven,at  1S0°F.  JOi^n  Wr^jpiy  the  float  down  to 
base  metal  at  each  Uak,  ckan  the  tti;etal?  and  ' 
solder  all  If^ks.  Scrape  the  ar<ia  arotind'th^  vent  / 
hole  and  close  the  hole  wi,th  solder.  '  * 


Put  the  lloat  hack  into  warm  water  and 
recheck  for  leaks.  NOTE:  Leaks  Ui  the  cone 
.  sectipn  of  the  float  are  difficult  to  close;  if  you 
cannot  seal  them,  replace  the  float, 

8.  Use  a  pegwobd  stick  with  a  fjat  end  to 
press  the  jewel  and  its'spaccr  back  into  the  float, 
as  shown  in  figure  10-19.  Then,  replace  the 
retaining  screw  ai\d  tighten  it.  CAUTION:  Do 
NOT  use  force;  too  much  pressure  will  crack  the 
jewel. 


mm'm  mm 
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9,AVhen  you  repair  a  float  or  replace  a 
jewel,  you  generally  destroy  the  balance  ofrthe 
float  and  must  rebalance  it.  Materials  required 
•  fqr  making  a  float  balance  .'test  are  shown  in 
figure  10-20. 

10.  To  remove  bubbles  from  under  the 
compass  oard  and  the  cone  section  of  the  float, 
immerse  the  float  edgewise  in  the  coritpass  liquid 
m  the  jar,  as  illustrated  in  figure  10-21.  Then 
ease  the  float  onto  the  pivot.  jA 

.11 .  Set  the  point  of  your  sigliting  rod  at  the 
same,  height  as  the  compass  card  and  spin  the 
float  with  a  magnet.  See  figure  10-22.'  As  the 
card  spin?,  compare  its  level  with  the  sighting' 
'  rod.  If  the  tloa^  is  balanced,  the  card  will  stay 
level  while  il  is  spinning.  If  the  fl4t  is  out  of  ' 
balance,  it  will  wobble  as  it  turns. 

Remove  the  flpat  and  scrape  a"  clean'spotoft 
its  edge  at  the  high  point.  Then  apply  a  smair 
amount  of  solder  at  this  spqt:  Put  the  float  back 
pn  the  pivot  and  retest  for  balance,  and  keep 
a<iding  solder  and  retesting -until  you  have  the 
float  in  perfect  balance.  IslOTE :  If  you  apply'too 
much  solder,  scrape  somfe' of  it  off  with  a  knife. 

.        12.  Inspect  the  seats  for  the  cover  glass  and  ; 
> ; '  the  rubber  gasket..  If  t>iey  ar^  corroded,  scrape  . 

•         ^    V   •.,.<•  '  .yr,  '.    •         ■•     .  ..  ■.  , 
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Figur*  10- 22. -Making  th«  iMlanct  t«it. 


them  by  hand  or  Ejj^iove  the  corrcsion  on  a 
lathe.  Then  clean  the"  surfaces  thoroughly  with 
an  approved  cleaner,  NOTK:  These  surfaces 
must  be  perfectly  flat  and  smooth. 

13.  Inspect  tho  l>eveled  edge  of  the  glass 
cover.  NOTE;  The  side  which  seats  against  the 
bowl  has  the  larger  diameter.  IF  there  are  any 
chips  on  this  edge,  ?»s  shown  in  figure  1(V23, 
replace  the  cx)ver  glass. 


14.  Clean  the  compass  bowl  with  a  soft 
brush  to  remove  lint  or  other  foreign  particles, 
then  blow  out  with  low-pressure  air. 

15.  Fjll  the  expansion  chaffiber  with 
compass  liquid,  using  a  rubber  syringe.  When  the 
chamber  is  filled  in  this  manner,  trapped  air  will 
be  forced  out. 

 16.  ReplaiLe_the  pivat-and_tiglitcn-it_witlL-a- 

socket  wrench. 

1 7.  At  several  points,  measure  the  cfTstance 
from  the  rim  of  the  bowl  to  the  tip  of  the  pivot. 
NOTE:  The  pivot  point  should  be  exactly 
centered  in  the  bowl.  If  necessary,  bend  the 
pivot  with  a  pair  of  pliers.  Be  careful  to  avoid 
damaging  the  pivot  point. 

18.  With  wire  hooks,  lower  the  float  onto 
the  pivot.  Check  the  distance  between  the  efdge 
of  the  card  and  the  inner  rim  of  the  bowT  If  it  is 
not  the  same  all  the  way  around,  remove  the 
float  and  readjust  the  pivot. 

.  19.  Remove  the  float  and  fill  the  bowl  with 
cdftipass  liquid  to  a  level  one-half  inch  below  the 
cover  glass  seat. 

20.  Replace  the  float  and,  with  a  pegwood 
stick  sharpet^ed  to  a  chisel  point,  carefully  place 
the  glass  in  position.  Be  sure  the  inside  of  the 
glass  is  clean. 

21.  Fit  a  new  rubber  gasket  abound  the  edge 
of  the  cover  glass.  Tlie  gasket  material  comes  in 
a  roll,  and  it  must  be  cut  to  size  fo^  each 
compass.  Cut  the  ends  square  with  a  razor  blade 
so  the  ends  butt  perfectly  together  when 
properly  installed.  *^  * 

22.  Replace  the  bezel  ring,  insert  the  screws, 
and  turn  them  tight  with  your  fingers.  Thpn  use 
a  screwdriver  to  tighten  all  S(|ews,  one-ha^f  turn 
at  a  time  in  rotation,  until  thifring  is  secure. 
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TESTING  AND  ADJUSTING 


Xlie  procedure  for  testing  and  adjusting  yoiir 
reassembled  compass  is'as  follows'    ■         )  . 

1.  Jo  test  for  lefiks  arounja  the  bezel  ring, 
.'.or  expansion  chamber,  make  f  screw  to  fit  the 
filler  hole  and  drill  a  small  hole  throjugh  the 
center  of  the  screw.  Insert  the  screw  in  the  filler 
hole  and  fit  a  piece,  of  rubber  tubing  ovef  the 
screw.  Su<^  on  the  tube  to  pull  a  slight  vacuum 
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Figuro  10^24. -TtttirHi  for  Itakt  around  the  bezel  ring. 

ami  tlien  pinch  it' off  (fig,,  10-24).  Roil  the 
compass  slowly  from  side  to  side  to  see  if  any 
bubbles  appcHir  around  the  bezel  ring.  Set  the 
conipass  on  its  base  and  See  if  any  bubbfes  rise 
from  the  bottom,  All  such  leaks  must  be 
stopped  before  you  fill  the  compass. 

2.  With  a  rubber  bulb  syritige,  finish  filling  * 
the  bowl  with  liquid;  then  replace  th«  filler  plug 
and  "secure  It. 

3.  Put  the  compass  in  a  warm  place  and  let 
it  stand  for  2^  hours  with  the  filler  hole  up.  Tliis 
amount  of  time  allow!?  trapped  bubbles  to  rise 


and  dissolved  air  to  come. out  of  the  compass 
liq\iid.  NOTE;  Less  time  is  satisfactory  if  the  air 
is  fairly  warm.  Remove  bubbles  by  adding  more 
liquid  and  then  replace  the  plug. 

4.  Retest  the  period  of  the  compass  as 
explained  at  the  beginning  of  the  inspection  and 
disasSen)bly  section. 

5.  Bjllance  the  compass  using  the 
equipment  shown  In  figure  10-25.  The  compass 
must  balante  on  its  lugs,  and  the  Compass  and 
gimbal  ring  must  balance  as  a  unit.  When  you 
place  the  Spirit  level  on  the  com  piTss  cover  glass, 
be  sure  it  is  centered  so  you  do  not  get  a  false 
balance. 
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If  your  compass  does  not  balance,  file  the 
lugs  to  move  the  bearing  edg^e  over  toward  the 
heavy  side  (fig.  10-26).  Make  a  hght  cut  with 
your  file  and  test  the  balance.  Repeat  this 
process  until  the  balance  is  perfection  the 
compass  and  the  compass  and  ginibal  ring.  See 
figure  10-27. 


AZIMUTH  AND  BEARING 
ClitCLES 


?nie  azimuth  and  bearipg  circles,  shown^ 
figure  10-28,  are  used  on  tne  bridge  of  ships  to 
aid    in    navigation.    These    Instruments  are 


A.  pounttnMight 

B.  F^ront  tight 

C.  Black  mirror 

D.  Rtir  light  ' 


e.  Ptnta  pritm 
f  .  Penta  spirit  levtl 
Q/Hind  itnob 
Curvtd  mirror 


I.  Righ^•l>gl•d  prism 

Mimibly 
JL  Right-anglM  ipirit 

Itvel 


Fiyirt  l0-28.~Mark  3  Mod  2  Azimuth  cirdt  and  Mark  1  Mod  2  btaring  eirolt. 
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constructed  eiUifeliil^l  uoninagnciic  materials 
since  they  arc  uscdLol^^  ropcatcrs  or 

7  l/2-iiich  magnetic  c\mpassos. 

True  aiiil  rclativo(^  bearings  ot  terrestrial 
objects  and  the  a/imuth  ol  celestial  objects  can 
be  measured  with  ihe  sights  moui\ted  at  0""  and 
,180*^  on  both  ins^umcnts  r_he  movable  mirror 
and  riglit  angle  f^ism  :issembly  on  the  aziinuth 
circle  (90''-270'')  are  used  to  ineasure  the 
U/imuth  of  the  sun. 

The  graduations  on  the  bearing  ring  of  both 
instruments  run  counterclockwise.  To  measure  a 
rchitiye  bearing  when  the  sights  are  aligned  with 
an  object,  merely  read  the  bearing  aligned  with  a 
lubber^s  line  engraved  on  top  of  the  compass  or 
re|>eater.  If  the  true  bearing  is  needed,  read  it 
directly  from  the  compass  card- 
Notice  the  spirit  levels  on  the  0''-l80''  and 
90^-270"^  i^ights.  If  the  instruments  are  not  level 
when  a  sighting  is  made,  the  a/imuth  or  bearing 

1? 


reading  will  be  inaccurate.  Likewise,  since  these 
instruments  .are  basically  a  small  mechanical 
sighting  device* you  must  adjust  them  perfectly 
during  overhaul  to  obtain  accurate  readings. 


CONSTRUCTION  FEATURES 


The  azimuth  or  bearing  circle  ring  (fig. 
I029)  is  common  to  both  in^ruments.  Tlie 
only  difference  is  the  additiomjl  set  of  sights 
(90''-270?)  on  the  a/imuth  circle.  The  ring  must 
be  perfectly  flat  and  concentric,  otherwise 
accurffte  readings  would  be  impossible.  Three 
spring jJetents  (120''  apart)  hokMhe  ring  firmly 
on  a  compass  or  repeaier. 

^  Tlie  rear  sight  assembly,  showu  in  figure 
10-28,  consists  of  a  bracket  Jield  to  the  bearing 
ring  with  screws  aligned  witli  dowel  pins.  The 
vertically  slotted  sight  leaf  pivots  on  a  friction 
pin  through  the  sight  and  bracket. 
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The  complete   front  siglU  assembly  (fig. 
IO30)  consists     various  subassemblie!)Jpue  to 
the  nature  of  the  construction  of  this  assembly,  . 
numerous  adjustments  can  be  made  to  align 
components  during  collimation.  T!ie  front  sight 
wire  is  nuufr^from  .011-inch  brass.  If  loose,  it  \ 
can  be  tightened;  when  kinked  op  broken,  it 
must  be  replaced.  The  pins  that  the  front  sight 
and  black  mirror  pivot  on  should  be  tkht 
enough  to  hold  these  elements  in  any  position,, 
but   still   jUIow   them  to  be  moved.  During, .  ' 
collimation,  you  m,ust  adjust  the  black  mirror,; 


frofit  sight,  bottom  sight  wire, aiul  spirit  level  to 
aliin  perfectly  with  ii  plane  passing  through  the 
O^v^SO''  graduations  and  perptMulicular  to  the 
collimator  stand. 

An  exploded  view  of  thv  right  angle  prism 
assembly  is  shown  in  figure  I03I.  Alignment 
adjujaments  are  provided  on  the  spirit  level 
assembly,  prism  bracket,  and  slotted  bottom 
cover  this  assembly,  lovated  on  the  a/imuth 
circle  ring  at  90°,  is  used  in  conjunction  with  the 
curved  mirror  (fig.  ^0-32)  mounfcil  at  270'  m 
the  a/imuth  circle  ring.  When  properly  adjust J5, 
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Figure  t(V31.-^Ri9ht  angle  priim  housing  assembly. 
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the  rencctioii  of  the  sun  is  directed  toward  the 
slot  in  the  jfcnt  of  the  right  angle  prisni  box. 
Thj»(^ri*{"ni  *<;flects  this  wide  band  of;  light  to  the 
cylmdrical  lens  which  focuses  a  narroy/  band  of 
light  onto  the  compass  card.  The  spirit  level' 
must  indicate  a  true  level,  and  all  reflection  and 
refraction  must  take  place  in  a  plane  passing 
through  ,  the,  9O°-270°.  graduations  and 
perpendicular  t9  the  collimator  stand. 

REPAIR  AND  ADJUSTMENT  \ 

A  thorough  predisaslerobly  inspection  will 
usually  pinpoint  areas  where  work  is  need(?d. 
Check  all  optics  for  chips,  scratches,  and  where 
appropriate,  deteriorated  silve^iig.  Look  for^ 
missing  paint  and  corrosioh  on  metal  surfaces,*^ 
and  be  sure,  the  graduation  marks  are  readable. 
Check  the  action  of  movable  componettts- to 
detect  binding  or  looseness.  • ' 
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Obvious  damage,  to  sights  caused  by 
carelessness  or  accidental  dropping  is  easy  to 
detect,  but  a  warped  bearing  ring  can  only  be 
checked  and  straightened  on  a  special  circle 
repair  ring  (which  you.  can  manufacJture  if 
necessary). 


A  typical  collimation  setup  is  shown  in 
figure  10-33.  First,  level  the  c6llimHtor  stand, 
then  place  a  machinist's  square  on  the  stand 
with  its  vertical  edge  touching  one  of  the  dumb 
.lines  engraved  on  the  stand.  Turn  on  the 
artificial  sun  and  rotate  the  stand  until  the 
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adjusted  and  carefully  used,  the  distance  to 
objects  up  to  > 000  yards  can  be  measured  with 
an  accuracj^  of  t^%.  Beyond  2,000  yards, 
accuracy  rapidly  decreases. 


CONSTRUCTION 


A  small  two  power  Galilean  telescope  is 
screwed  into  a_bracket  attached  to  the  frame. 
With  this  slight  magnification,  there  is  a  better 
view  of  the  target.      ,  ) 

A  rectangular  index  mirror  (1  1/4  by  I  1/2 
inch)  is  mounted  on,  and  turns  with,  the  index 
arm.  The  horizon  mirror  (I  bj?  3/4  inch)is.held 
in  the  lower  half  of  ah  open  fr^me  which  is 
mounted  on  a  turntable  attached  to  the^ 
^  ^  Botli  til  e  index  and  horizon 

^  rfiirror  can  be  tipped  slightly  fore  and  aft  from 
vertical,  and  the  rotating  base  of  the  horizon 
mirror  allows  for  parallelism  adjustment  of  the 
two  mirrors, 

Sihce  the  stadimeter  is  a  split  image 
rangefinder,  one  line  of  sight  from  the^  target 
passes  through  the  open  half  of  the  hofizon 
mirror  frame  directly  to  the  telescope.  Tlie  other 
line  of  sight  frdm  the  target  strikes  the  movable 
index>  mirror,  reflects  to  the  horizon  mirror,  and 
is  directed  to  the  telescope. 

The  index  arm  with  height  scale  pivots  on  a 
tapered  male  bearing  within  a  matching  female 
bearing  held  in  the  stadimeter.  frame.  To 
maintain  the  limited-  accuracy  of  this 
instrument,  the  pivot  axis  must  be  perpendicular 
to  the  plane  of  the  frame.  A  leaf  spring  bears ' 
against  the  index  arm  to  hold  it  in  positioji. 
Wear  or  damage  to  the  index  arjn  will  reduce 
Accuracy  of  ranges  taken. 

V 

The  "complete  carriage  assembly  is  shown,  in 
figure  10-36.  The  carriage  is  held  snugly, in  the 
.stadimeter  frame  with  just  enough  clearance  to 
allow  it  to  move  smoothly  up  and  dowp  the 
frame  when  the  carriage  screw  is  turned. 
Looseness  between  the  carriage  and  carriage 
screw  is  unimportant,  but  looseness  of  the 
carriage  in  the  frame  or  betv^een  the  drum  screw 
and  spli|  halves  of  the  carriage  will  cause 
inaccurate  range  readings. 
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REPAIR  AND  APJUSTMENT 

The  most  serious  casualties  that  can  occur 
to  h  stadimeter  are: 

,  •  Any  shifting  of  the  male  and  female 
^'       index    arm    bearings    from   an  axis 


perpendicular  to  the  frame. 
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•  Bending  of  the  index  ami. 

■  •  . 

•  Bending  or  warping  of  the  stadimctcr 
frame. 

The  index  arm,  with  a  matched  set  of 
bearinfes.  can-be  replacedi  However,  if  the  frame^ 
is  warped,   you    mfly   have  to  survey  the 
ioslciiuitnl.   - 

For  this  instrument  to  function  properly, 
the  frame  must  be  perfectly  flat  and  true,  the 
mirrors  must -be  pr.operly  aligned,  slop  between 
the  carriage  and  frame  and  between  the  carriage 
and  drum  screw  must  be  eliminated,  and  the 
index  arm  must  be  parallel  with  the  slot  in  the 
frame  when  the  range  drum  is  set  at  infinity. 
Parallelism  between  the  index  arm  and  carriage 
guide  slot  is  measured  with  a  dial  indicator. 
Allowable  error  is  ±.0005  inch.  Any  variation 


oVer  this  tpleninte  is  corrected  by  scraping  the 
high  spots  oh  the  index  arm. 

Complete  overhaul  procedures  lor  the 
stadimeter  are  contained  in  NAVSHIPS 
250-624-6. 


SEXTANT 

Tlie  sextant  is  a  hand  held  navigation 
instrument  somewhat  larger,  and  much  more 
accurate,  than  t4ie  stadimeter.  As  you  can  see  in 
figure  10-37,  the  sextant  and. jjtadimetcr  share 
some  basic  features.  Namely,  the  application  of 
two  mirrors,  a  mov«*)le  index  -arm,  and  a  low 
power  telescope.  There  thejfhnilarity  ends.  Tlie 
stadimeter  measures  a  flange,  when  tl)c  height  of 
the  object  is  ktfown,  with  limited  accuracy;  the 
sextant  measures  the  angle  above  the  horizon  of 
a  celestial  body.  Tlie  angle  is  read  in  degrees. 
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inimitcs,  ami  tenths  ol  minutes,  aiu!  the  exact 
time  of  the  sighting  is  recorded,  Then  the 
navigator  consults  a  nautical  almanac  to  plot  the 
ship's  position.  A  good  navigator,  with  a 
properly  adjusted  sextant,  c(in  pinpoint  a  ship's 
position  anywhere  on  the  surlace  ot  any  existing 
body  of  water  within  one-quarter  mile. 

 T'^*:'  t>'»vitl  WUi t_e  _  scx.taiit  (iig. " _1 0-J  7 )  is 

representative  of  other  sextants  manufactured 
•by  Pioneer.  Bendix.  and  Weems  &  Plath.  All  four 
perform  siinihir  functions  with  sligl;t  mechanical 
Variations.  Once  you  have  overhauled  one  type, 
you  wi^l  have  no  dif|iiculty  with  the  others. 

CONSTRUCTION  FEATURES 

riic  heart  of  a  sextant  is  the  index  arm 
female  center  bearing.-  mounted  in  the  frame. 
This  bearing  must  be  perpendicular ^o  the  frame 
ahd  locat^^l  at  the  exact  geometric  center  of  the 
arc  of  the  frame.  The  manufacturer  positions  the 
female  center,  using  some  very  sophisticated 
equipment.  You  should  NEVER  remove  the 
,  femlllc  center 'from -a  sextant  because  you  will 
not  be  able  to  replace  it  in  the  correct  position. 

Also  mounted  on  the  frame  is  an  adjustable 
tehjscope  holder  and  a  bracket  which  holds 
filters'  and  the  adjustable  horizon  mirror  mount. 

The  edge  of  the  frame  arc  is  machined  with  a 
guide  rack  groove  to  allow  free  myvement, 
without  play,  of  the  index  arm -and  a  series  of 
gear  teeth,  one  for  each  degree  marked  on  the 
arc. 

The  mechanism  that  holds  and  moves  the 
index  arm  is  shown  in  figure  10-38.  The  male 
center  bearing  is  not  shown.-  All  components  of 
the  index  rfrm  and  worm  frame  assembly  are 
carefully  lapped  and  fitted  to  provide  smooth 
miction  and  to  t>limiiiate  slop. 

You  can  move  the  index  arm  to  any  position 
on  the  arc  by  grasping  the  disengaging  lever  to 
pivot  the  worm  screw  away  from  the  gear  teeth 
on  the  sextaHl  arc.  Then  swing  the  index  arm  to 
the  rough  position  desired  and  release  the 
disengaging  levers.  Spring  tension  holds  the 
worm  screw  in  nresh  with  the  rack  teeth.  A  flat 


spring  bears  against  the'end  of  the  worm  shaft  to 
prevent  end  thrust. 

Turning  the  micrometer  drum>  one 
revolution  (60  minutes)  will  advance  the  index 
.arm  one  degree."  Partial  revolutions  are  read 
opposite  an  index  mark,  and  a  vernier  scale 
f\irther  refines  the  reading  to  indicate  tenths  of. 
minutes  (one-tenth  of  a  minute  is  six  seconds). 

Study  figure  10-39.  which  givies  two  ssmpte" 
sextant  readings.  In  part  A  the  reading  on  the 
arc  is  13  plus  (at  the  index  mark);  the  0  mark  on 
the  vernier  scale  is  between  16  and  17;  and  the 
first  mark  on  the  vernier  which  coincides  with  a 
mark  on  the  drum  is  7  on  the  vernier  scale;  so 
the  reading  is  13° 1 6.7'.  The  reading  hi  part  B  of 
figure  10-39  is  55''25.2'. 

REPAIR  AND  ADJUSTMENT  ^ 

A  preliminary  decision  must  always  be  made 
concerning.^  the  feasibility  of  repair  of  an 
instrument.  The  purpose  or  a  predisassembly 
inspection  is  to  detemiine"  whether  the 
instrurfient  should  be  repaired  or  surveyed  and 
salvaged,  and,  if  repair  is  the  decision,  the  extent 
of  disassembly  require^.  ^ 

Some  of  the  things  , to  check  when  giving  a 
sextant  a  predisassembly  inspection  include: 

•  Condition  of  silver  on  mirrors. 

•  Corrosion   and    faihire  -  of  protectii'e 
finishes. 

•  Evidence  of  unauthorised  tampering  and 
disassembly. 

/ 

r  f 

•  Appearance,  finish,  and  condition  of 
parts  in  the  sextant  assembly.  Examine  scqle 
markings  for  legibility. 

J 

•  Cleanliness  and  physical  condition  of  the 
telescope  assembly.  If  mounted,  reniove  the  , 
telescope  from  its  sliding  bracket  before  you 
make  this  test. 

NOTE:  Be  certain  the  diopter  scale  reference 
mark  is  at  the  top  when  you  mount  the  sextant 
telescope  in  the  sliding  bracket.  ^  * 
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smooth  over  the  entire  diopter  sci^le  range,  but  it       individual  slasiies  of  each  filter, 
snouid  be  fairly^ tight.  ' 


•  Polaroid  filter  assemblies.  There  should, 
be  no  cracks  or  chips,  cloudiness,  or  dark  spots 


NOT^:  Polaroid  filters  must  have  a 
protective  coating  on  their  edges. 
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•  Rack  guide  slot.  The  index  arm  should 
move  freely  over  the  entire  sextant  frame.  If  you 
feel  any  binding,  examine  the  guide  slot  with  an 
eye  loupe  to  check  for  burrs. 

•  Endless  tangenl  worm  and  arc  gear  teeth.- 
A  sextant's  accuracy  also  depends  upon  faultless 
cngagemtnt  of  the  worm  thread  with  the  arc 
gear  teeth.  Caref\illy  drgss.  down  any  burrs<«or 
nicks  to  prevent  birflfi^g  and  incorrect  readings. 


NOTE:  Do, NOT  lubricate  the  worm  thread- 
and  arc  gear  teeth.  Lubricants  pick  up.dusf  and 
other  foreign  particles  which  destroy  accuracy. 

Collimation  of  the  sextant  is  relatively  easy. 
Tlie  index  arm  and  micrometer  drum  are 
mechanicalli(  set  to  read  0**0',  then  the  index 
and  horizon  mirrors  are  adjusted  until  they  are 
perpendteujaFto^  the  plane^of-the  arc  anthpargllel- 
to  .each  other.  Complete  overhaul  inforfnation 
(or  the  sextant  is  contafhed  in  NAVSHIPS 
250-624-10.  . 


OOP  AND  QM  SPYGLASSES  . 

The  OOD  and  QM  spyglasses  are  hand  held,  - 
straight    line    of    sight,    simple  terrestrial 
telescopes.  Figure  10-40  show«  two  variations  of 
the  QM    glass  and  one  OOD  glass.  These 
instruments  are  basically  the  same,  except  for 
the  larger,  longer  focal  length  objective  used  in  ' 
the  QM  glass.  To  account  for  varying  focal 
lengths  between  replacement  objective  lenses, 
the  objective  mount  of  the  QM  glass  has  various 
spacers  on  each  side  of  the  lens,  the  objective 
lens   of   the    OOD  glass   uses   no^  spacers. 
Characters  tics  of  the  two  instruments  are  as 
'  follows: 


Q0D 

QM 

Magnification 

lOX 

16X 

True  field 

5*^30' 

3*^30' 

Apparent  field 

55** 

Ey<?  distance 

29^  mm 

28.0  mm 

Exit  pupil 

3.5  mm 

4.0  mm 

CONSTRUCTION  FEATURES 

The  eyelens,  objective  lens,  , threaded 
external  tube  sections,  and  setscrews  are  sealed 
with  sealing  compound  to  exclude  moisture 
from'  the  inside  of  the  instrument.  Focusing  is  by 
a  apiral  keyway  arrangement  which  is  lubricjtfted 
with  medium-heavy  grease  to  assist  with  sealing,  * 

A  series  of  diaphragms  is  located 
permanently  in   the  body  tube  to  control 
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abemtioiB  and  prevent  stray  ligh^.  An 
Ikiiustable  diaphragm  is  mounted  in  the  eyepiece 
draw  tube  to  coritrol  aberrations  and  frame  the 
Anal  image  phme.  ,  . 

Except  for  the  objective  lens,  all  optics  are 
mounted  in  tube  sections  which  thread  to|iether. 
Figure  10^1  shows  a  schematic  of  the  optical 
tyitem  (ndidrawn  to  scale). 


Hie  positive-  kchlroma tic  doublet  objective 
lens  forms  a "^eal,  inverted^  diminished  ^mag^ 
just  beyond  the  rieai; Jiurfacevpf  the  collective 
lens.  ■   ■-'        ^    :'tr       .'• ' 


.  The  convex-plarip  coll<|tive  lens  gathers 
marginal  rays  of  light,  which%ouid  otherwise  be 
■  lost,  and  directs  them  to  the  erector.  By  using  i 
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coHcctlve  iens  in  this  position,  you  can  obtain  a . 
fairly  gooc^  fleld  of  vipw  with  a  bri^it  image. 

A    doublet   erector    lens    is  located 
approximately  two  focal   lengths  from  the 

f  objective  image  plane.  The  greatest  curvature  of 
this  lens  is  on  the  outer  surface  of  the  negative 
element,  which  faces  the  eyepiece.  The  f»rector 
forms  a  real,  diminished,  erea  image  within  the 

 focalkngth-oLlhc^yepiece.  ^  -  ^ 


A  piano-parallel  sealing"  window  is  ihown  in 
figure  10-41,  lojcated  within  the  back  focal 
distance  of  the  ctector.  Most  spyglasses  you  will 
work  on  have  had  tl^^indow  removed. 

Spyglasses  tise  a  two-doublet  eyepiece,  as 
shown.  The  cyelcns  is  slightly  smaller  than  the 
field  lens,  and  the  rear  edge  is  beveled  to  provide 
space  for  sealing  compound.  The  eyepiece 
presents  a  virtual,  enlarged,  erect  image  of  a 
target  to  the  observer. 

Two  giising  screws  on  the  telescope  body 
are  used  to  purge  these  instruments,  since  they 
are  not  designed  to  h6ld  pressure.  One  screw  is 
located  at  the  forward  end  of  the  eyepiece 
mount  support  tube,  the  other  is  ^behind  the 
objective.  )  ^      '  / 


DISASSEMBLY 


(  K 


Priof  to  .di^ssembly,  check  and  inspect  the 
QM  and  the  OOD  spyglasses  itt  the  same  manner 
as  for.  any  other  optical  instrument.  Writ; 
findings  on  an  inspect  ion  <sheet  and  proce 
the  disassembly,  or  consult  your  shop  supe 
for  advice  concerning,  overhaul  of 
instruments. 

1,  Remove  the  setscrew  which  tecv/res the 
eyepiece  mount  support  tube  in  the  body  tube 
(fig.  10-42).  Then  unscrew  the  eyepiece  mount 
support  tube  and  pull  it  from  the  body  tube. , 

2.  Remove  the  seticrew  which  secures  the 
eyepiece  mount  to  the  eyepiece  moiint  support 
tube  and  unscrew  and  separate  the  eyepiece 
mount  from'  the  eyepiece  mount  support  tube 
(fig.  KM3).  ^ 


FilMr*  1(M2.^Rcl«MlnB  the  eyaplfM  fnoum  lupf^M^ 
tubtMtieriw. 


■      ■  1^.247 
Figure  1O43.>-Bam<i«in0  «!•  eya^lMt  moJnt  ftom  the 
•yapleee  mount  Mpport  tub*.  ^ 


3.  The  knurled  fpcusing  ring  k  held  on  the 
eyepiece  mount  so  it  can  be  rotated  to  focus, 
but  unwanted  end  play  is  prevented  by  two 
threaded  rings.  Onto  acts  as  a  retainer  for  the 
focusing  ting  and  the  other  iia  lockring  for  the 
retainer.  Remove  t^ie  setsqrew  from  the  lockring 
(fig.  1(M4).  jUnscrew  the  lockring  and  then  the 
retainer  ring  from  the  eyepiece  mount.  Notice 
that  theM,  two  ringa  are  not  identical. » The 
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lockring  has  a  bevel  on  each  side  and  the  retainer 
,  ring  has  only  one  bevel.  You  may  need  to  ustf  a 
'  grip  wrench  to  remove  the  lockring. 

.4.  Unscrew  the  eyepiece  cap  from  the 
ipyepiece  drawtube,  and  slip'  off  the  lock  and 
t>-  detainer  rings. 

.  >^  • 

5.  Remove  the  knurled  focusing  ring  by 
rotating  it  counterclockwise  to  disengage  it  from 
the  focusing  key,  then  slide  it  from  the  eyepiece 

^-^mount. 

*        ■  ■ 

6.  Reni<>ve  the  focusing  key.  It  is  aligned 
with  two  dowel  pins  and  secured  With  two 
screws.  After  irenloving  the  screws  (fig.  10-45), 
lift  the  focusing  key  from  the  longitudinal  slot 
with  a  pair  of*  tweezers.  The  dowel  plrti!  should 
come  out  with  the  focusing  key;  if  they  do  not, 
remove  them  from  the  e/epiece  drawtube  with  a 
IHrir  of  tweeters.  The  drawtube  A  now  free 
within  the  eyepiece  mount;  remove  it  by  pulling 
straight  out. 

•/  ■    ■.'•'^  ■ 

7.  With  an  adjustable  retfiner  riiig  wrench, 
lo^ien  the  diaphragm  lockring  (fig.  10-46)  jusM 
•tiough  so  that  it  turns  freely.  Do  not  use  th^ 
wrench  to  remove  the  lockring  cojnpletely  from 
the  dr«wtube;  the  wrench  msy  dami^e  the  fine 
tlurelids  on  the  inner  wall  of  the  drawtub^.  Use  a 
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FIgur.  Ia4«.--Rtmevln9  the  dlnilimjm  lookring. 

* 

peg  wood  stick  to  remove  the  lockring.  Measure 
and  record  the  distance  the  diaphragni  is  in  the 
drawtube.  <NOTE:  '  The  position  ot  the 
aiaphragm  is  very  important;  it  controls 
chrmnaiicjiberration.)  Reirlove  the  diaphragm  ' 
in  ^e  same  manner  you  remov«^ts  lodkring. 

8.  Remi^Ve  the  lockring  which  secures  the 
eyepiece   lenses    <ind    their  spacer. 
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Figurt  10-47. -Rtmoving  tht  oollacthrv^rtotor  lupport  tub*  tftteraw. 
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CAUTION:  When  you  remove  the  lockring,  the 
field  lens  and  spacer  are  loose  and  can  easily  fall 
/out.  This  lockring  is  almost  the  same  diameter  as 
'the  diaphragm  lockring;  do  not  get  these  rings 
mixed.' 

9.  With  a  pkce  of  lens  tissue  on  the  piano 
surfacA  of  the  fidd  lens  aiid  the  eyelens,  turn 
the  eyepiece  drawtube  over  and  let  th©  field  lens 
and  -spacer  slide  out  into  youf  hand.  The  rear 
surface  of  the  eyelens  is  sealed,  so  apply  a  little 
pressure  w^th  your  thumb  tp  bii^J^e  seal.  The 
Cleamnce  between  the  lenses  and  ift  inner  wall 
of  the  drawtube  is  so  small  that  you  heed  to 
press  out  the  lenses.  When  you  remove  the  lenses 
9nd  tpacer*  from  the  drawtube,  mark  them  to 
indicate  the'direction  they  face  in  the  drawtube. 
Theft  is  only  qne  correct  way  for  them  to  fit 
iKtien  assembled.  Wrap  ihe  lensfes  in  lens  tissue 
An{l  stow  them  in  a  safe  place,  away  from  the 
mthi  parts  of  the  instrument. 

10,  Remove  the,  ^rew  which  secures  the 
collective-erect  or  mount  support  tube  in  )the 
eyei^iece  mount  tube  (fig.  10-47)  and  ypull 
straight  out  on  the  tube  to  remove  it  from  the 
eyepiece  inount.  ^ 

U.L'doi'efl  th«i  collective  Ws  mo\int 
Ic^krifiii  and  unscreW  the  collective  lens  mount 
from  the  support  tube.  Remove  the  collectiye 
Wni  lockfing  ind  the  collective  lens.  Then  wra^ 


it  in  lens  tissue.  NOTE:  If  this  lens  has  pits, 
scratches,  or  chips,  replace  it.  The  lens  is^n^ar 
the  focal  plane  of  the  objective  lipns;  any  defect 
on  the  collective  lens  is  ver^  apparent  lin  the 
field.  ' 


1,  i 


"  12.  Remove  the  erector  lens -mount  lockring 
from  the  support  tube.  Be  Careful  to- prevent 
damage  to  the.  f^iie  threads  on  the  inn^r  wall  of 
the  support  tube.  Remove  the  erector  lens 
mount  from  th*  support  tube,  (NOTE:  The 
erector  lens  moiint  may  Goni<pout  of  the  support 
tube  in  reverse  of  that  shown  in  figure  1048,  To 
facilitate  cdUimation,  ^  this  inoynt  can  be 
mounted  either  way  .)  Remove  the  erector  lens 


V 


^  Figure  1(Mt.-Riiiwrlri|  tht  «r^M«r  Mi  mouM  fMm 

IftMpporttubs. 
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lockring  and  then  the  erector  lens.  Note  that  the 
exposed  surface  of  its  negative  ^lenient  has  the 
greatest  amount  of  curvature.  Mark  the  lens  and 
wrap  it  in  lens  tissue. 

13^  Loosen  and  remove  the  sealing  window 
lockring  in  the  t'ycpiece  end  ot  the  eyepiece 
mount  support  tube.  The  window  is  sealed  with 
sealing  conipound.  U  necessary,  apply  Tipat  to 
soften  the  wax  tpid  use  a  suctiot)  cup  pressed 
tightly  against  the  window  to  help  break  the 
seal, 

14.  Loosen  the  objective  mount  of  the  OOD 
spyglass  with  a  grip  wrench  and  remove  the 
.mount.  Now  rcn\ove  the  objective  lockring  and 
the  objective  lens  from  thtf  inside  of  the  mount. 
(NOTL;  No  setscrew  secures  the  objective 
njount  to  the  botly  tube.  The  objective  mount 
of-a  OM  spyglass  is  part  of  the  body  tube  and 
cannot  be  removed.  The  lockrjng,  spacers,  and 
objective  If  ns  are  rem,oved  from  the  front  of  the 
body  tube.) 

15.  Remove  the  two  gassing  screws  and  be 
sure  both  'gassing  screw  orifices  are t  free  of 
obstructions. 

M 

You  have  now  completed  diss/ssenibly-of  the 
QM  or  OOD  spyglass. 


REPAIR,  REASSEMBLY, 
AND  COLLIMATION 


.refill 

m 


ODD    and    QM    spyglasses   usually  need 
■efinishing    due    to    mistreatment    and  salt 
^fage.   Follow  the  procedures  outlined  in 
pter  7  if  you  repaint  or  cenjent  lenses: 

Q6xxhc\  dbfects  noted  during  disassembly 
which' were  not  appar^t , when  you  inspected 
the  ^stnmienr  Pay  particular  attention  to 
threaded  support  tube  sections,  lockring  threads, 
and  retainer  ring  threads.  Remove  any  nicks  or 
damage  with  thread  chasers.  Clean  -these 
components  with  a  clean  brush  and  fit  them 
together  to  be  sure  they  turn  smoothly  before 
cleaning  and  mpuntingDptics. 
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Before  replacing  the  lenses  in  th{.'  eyepiece 
drawtube,  assemble  the  focusing  niechanism  to 
set  0  diopters  at  mechanical  hiictthrow.  At  this 
titn.e  you  also  remove^  any  play  between i  the 
•  focusing  key  and  spiral  key  way. 

With  the  focu.sing  ring  retaining  ring  ahd 
lockring    properly    tightened^  to    allow  ,tlie 
focusing  ring  to  turn  withoTit  (rod  play;  turn  the 
'  focusing  ring  slightly  in  both  directions  and 
observe  the  drawtube.  |f  the  drawtube  moves 
wimn  the  focusing  ring  is  turned,  ^hc  focusing 
key  is  correct.  If  airy  play  is  evident,  you^  will 
have  to  jspread  the  ends  of  the  focusing  kj^-y  by 
tapping  lightly  wjth  a  prick  punch  (peejiing).  A 
very    slijfht,  amount  pf  peening   is  usually 
4iufficietVt;  do  not. overdo  it.  Fit  and  try  until  tlie 
.focusing,  action  is  smooth  and  positive.    ,  < 

To  check  mechanical  inidthrow,  turn  Hhe 
focusing  ring  to^move  the  drawtube  all"  the  way 
in,  then  measure  the  height  of  the  assembly; 
Now  turn  the  drawtube  alf-  the.way  otiLand 
mehsurj  again;  Position  the  drawtube  HBFway* 
between  these  twp  measurements- and  observe - 
the  ■  alignment  between  the  0  mark  on  the 
diopter  ring  and  the  index  mark  on  the  focusing 
riiig.  If  they  are  not  perfectly  aligned,  you  will 
have  to  carefully  drill  and  tap  a  new  hole  for  the 
diopter  ring  lockscrew.     ■  ' 

Qisassemble  the  focusing  mechanism  again 
and  be  sure  the  components  are  clean.  Place  a 
thin  bead  of  .sealing  compound  around  the, 
eyelens  seat  and  replace  the  twQ  lenses,  spacer, 
and  lockring;  Tigliten  the  lockring  enough  to 
ensure  that  the  .eyelens  is  sealed  and  seated 
properly.  Replace  the  diaphragm. in  its  original 
position.  To  check  for  proper  placement  of  <he 
diaphragm,  look  through  tlie  <?yelens  and  look  at 
the  edge  of  tlie  diaphragm.  You  will  notice  a 
fringe   of  ,yellow  around   this  edge  if  the 
diaphragm    is   located    corrtjctly    when    the  • 
eyepiece;  is  set  to  0  diopters.  If  not,  turn  the 
diaphragm  in  or  out  until  this  condition  is  met, 
then  install  the  diaphragm  lockring. 

Now  reassemble  the  collective  and  erector 
lenses  and  the  various  internal  tube  sections. 
Lubrica-te'  and  reassemble  the  focusing 
mechanism,  then  seal  ^nd  install  the  eyepiece 
mount  on  the  ey^iece  mount  support  tube. 
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NOTE:  If  a  sealing  window  is  juse<j,  replace 
and  seal  iV  prior  to  installing  the  eyepiece 
'mount.  .  '  - 

V  '  ♦    •  '    .   ^'  ^^  -1      ■   ^    .  ' 

Replace  and  $eal  thtf  objective  lens  aad 
mount  of  the-  OOD  spyghss.  Do  not  seal-the 
objective  of  the  QM  glass  at  'this  tiri\Cv  You  may 
need  to  reposition  this  lens  during  cotlimation 
 -by  shifting  spacers.  ^         *   _  •  • 

^  Place  a  piece  of  fine  "wire  through  the  holes 
l^ehind  the  collective  lens,  pull  the  wire  tight,' 
and  twist  the  ends  together  to  hold  it  tightly  in 
position.  Now  screw-  the  eyepiece  mount 
suj^port  tube  into  the  telescope  body.  NOTE: 
Do  not  seal  the  joint  at  this\|ime. 

•  > 

Place  the  assembled  telescope  in  V-blocks  on 
any  Convenient  collimator  and  use  an  auxiliary 
telescope  set  to  your  eye  correction  to  check  for 
parallax  between  the  collimator  "target  and 
auxihary  wire.  Remove  parallax  tiy  screwing  the 
collective  lens  mount  in  or  out/of  the  support 
tube. 

When  you  assemble  the  eyepiece  mount 
"\  support  tube  and  telesgope  body  after  each 
'adjustment,  be  sure  the  joint  is  tight.  If  you  do 
not  have  enough  movement  on  the  collective 
lens  mount  of  a  QM  glass,  now  is  the  time  to 
shift  objective  spacers.  Move  the  lens  the  same 
direction  you  want  the  "collimator  image  to 
move;  the*  seal  the  QM  glass  objective. 

After  eliminating  paraJljax,  set  optical  zero 
diopters  ,  by  adjusting  the  eVector  lens  mount. 
*     Use  an  auxiliary  telescope  to  determine  which 
Way  the  final  image  plane  n>ust  move  so  the 
image  will  be  ir^  sharp  focus  at  mechanical  zero 
^lopters. 

These  are  single  erector  telescopes,  so  you 
must  move  the  erector  in  the  opposite  direction 
you  want  the  image  plane  to  move.  Remember, 
you  can  reverse  the  erector  lens  and  mount  if 
necessary:  Just  be  sure  the  lens  is  faciftg  the  ttght 
way,  or  you  will  introduce  unwanted 
aberrations. 

With  parallax  removed  and  optical  zero 
diopters  set,  make  sure        cofleotive  mount 


lockring,  erector  lockring,  and  collective  erector 
support  tube  setscr^w  are  tight.  Make'a  firtiU 
check  for  parafiax,  th^n  remove  the  auxiljary 
wire.  Now  you.<:an  seal  the  ej^epiece  mount 
suppprt  tube  aiifd  replace  and  seal  the  setscrew/in 
Jhe  telescope  \body,  l?ufge  thju^trument  as 
explained  in  Cnapter  8  and  refHace  and  seal  the 
^   gassing  screws,  '       *•       '  . 

When  the  instrument  passes'  a  flftat 
inspection  for  cleanHness,  collirtiation,  focusing 
action,  and  appearance -your  work  is  fmishedv 


SHIP  TELESCOPE 


Tlie  ship  telescope  (fig.  1(M9)  is  a  change  of 
power  observation  ,  instrument  with  a  porro 
prism  erecting  system.  It  is  mounted  on  the 
open  bridge  of  sl|(ps  in  a  yoke  that  allows  it  to 
be  elevated  within  practical  Ibnitsand  trained  in 
any  direction.  Change  of  power  is  provided  by 
four  interchangeable  eyepieces  of  I3X,  21X; 
25X,  and  32X,  The^2IX  ey*pjece  is  orthcyscopic, 
while  the  others  are  Kellner  types.  Since  this 
instrument  is  exposed  to  salt  spray  and  all  types 
of  weather,  all  joints  and  lenses  are  sealed  with 
sealing  compound  to  exclude  moisture;  There  is 
no  provision  to  gas  or  purge  the  ship  telescope, 

CONSTRUCTION  FEATURES 

The  optical  system  and  basic  mechanical 
assembly  are  shown  in  figure  10-50.  These  are 
relatively  simple  telescope*  with  few 
adjustments.  However,  yo\i  will  come  across 
some  instruments  in  such  poor  condition  that 
^ey  will  tax  your  skill  as  an  Opticalman. 

The  objective  mount  is  threaded  externally 
so  it  ocLti  be  attached  to  and  positioned  in  the 
body  tube.  A  \  lockring  holds  the  mount  in 
position  and  a  sunshade  screws  on  to  iUe 
outboard  side  of  the  mount.  The  front  sight 
vane  functions  as  a  lock  screw  for  the  objective 
mount. 

Since  the  objective  lens  is  too  large  to 
cement,  the  elements  are  separated  by  three 
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equally  spaced  tin  foil  shims  .06l  to  .002  inch 
. Iliick.  A  spring  ring  backed  by  a  retainer  ring 
holds  the  lens  in  thi  mount. 

.  .Air  other  Components  of  the  shV  telescope 
are  mounted  on  a  prism  box  which  thre*adsinto 
tlic4ody  tube  (f1g.IO.5l).  A  lockring  holdsithis 


prism  box  in  position  and  the  rear  sight  vane 
servesVs  a  setscrew. 

A  filter  plate,  controlled  by  a  ^aft  through 
the  prilm  box,  is  located  >vithin  the  objective 
focal  lehgth.  A  clear  piano  pai'allel  compensator 
(to  eliminate  a  change  in  dbjective  focal 
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Figurt  10-50. -Optical  lyitem  of  •  Mk  1  Mod  0,  ship  telttcopa. 


distance),  a  light  blue  niter,  and  a  single  dark 
po!arbl(t  WJter  are  mounted  in  the  filter  plate. 
The  polaroid  filter  is  oriented  to  reduce  fiarr 
when  It  is  in  the  line  of  sight, 
i  The  porro  p^ism  cluster,  as  usual,  can  be 
acUusted  to  remove  lean.  Finally,  the  multiple 
lead  focusing '  mechanism  is  secured  to  the 
outside  of  t)ie  prism  box.  The  fout  matched 
eyepieces  screw  into  .the'  focusing  tub*  so  the 
^^ratGi^ean-easib^ehangc^henrivithxjuneslfr 

REPAIR  AND  ADJUSTMENT 


ITie  ship  telescope  is  mostly  constructed 
from  aluminum.  Even  yoi|r  best  cffor|s  to  seal 
joints  may,  eventually  fail  and  allow  salt 
corrosion,  making  disassembly  difficult.  Since 
the  sunshade  and  body  are  quite  thin,  you  will 
need  to  make  fitted  wooden  clamp  blocks  to 
hold  the  telescope  securely  without  crushing 
during  disassembly. 

Complete  overhaul  and  coUimatioh 
instrucions  are  foiled  in  NAVSHIPS  250-624-3. 
The  only  unusual/departure  from  normal  repair 
and  coUimation  procedures  is  parfbcalizing  thB 
four  eyepieces.'  Each  eyepiece  must  focus  witfiiSi 
±1/4  diopter  of  the  other^.  To  do  this,  machine 
a  predetermined  amounf  of  metal  from  the 
mounting  shoulder  of  the  eyepiece(s>  in  error. 


TELESCOPE  ALIDADE 


The  telescopic  alidade  is  a  portable 
navigational  instrument  usdd  by  personnel 
aboard  ship  to  accuratdy  measure  the  bearing  of 
distant  objects.  When  in  use,  a  telescopic  alidfde. 
Is  pla<^d  over  the  ship's  hiagnetic  compiss  or 
tyro  repeater,  and  the  observer  sees  a  magnified 
image  of  the  target  (6X)  aligned  with  a  vertical 
wire,  combined  with  an  iniage  of  a  level  vial  and 
compass  card  in  the  upper  part  of  the  field. 

The  two  instruments  shown  in  figure  I0»52 
are  identical,  e?ccept  for  the  size  of  the  adapter 
rtng  which  fits  different  gyro  repeaters  or 
compasses. 
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Figure  l'W2.-MiHc  6  arid  7  talMeople  altdi^M. 


CONSTRUCTION  FEATURES 


.  '^The  Mk  6  and  Mk  7-alidades  are  $astight, 
aluminum  bodied,  dual  line  of  sight  instruments 
with  an  intei^al  focusing  eyepiece  which  focuses 
the  main  and  auxiliary  opiical  systems.  The 
optical,  schematic  iis  shown  iniffigure  10-53. 

The  jmain  optical  system  consists  of  an 
objective  lens,  a  filter  assembly,  a  Schmidt  prism 
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Figur«  10-53. -General  optical  irranoement  Mk  6  and  7  alidade. 
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(erects  the  imago  and  directs  it  toward  the 
eyepiece  at  a  45^  angle),  and  the  eyepiec6 
system,'  The  filter  assembly  consists  of  a  fixed 
andMiiovable  polaroid  and  a  clear  compensator, 
A  large  knob  on  the  right  side  of  the  alidade 
drives  the  filter  assembly  (in  6r  out  of  tlie  line  of 
sight),  while  a  smaller  knob  through  the  center 
of  the  large  knob  controls  polaroid  density. 

The  6bjective  lens  is  adjifstable  ajong  the 
optical  axis  to  correct  for  parallax  between  the 
target  and  crosswire.  \^ 

The  Schmidt  prisnl  is  bonded  to  a  post 
which  is  held  to  the  pristi  mounting  plate  with 
three  screws.  The  screws  nave  enough  clearance 
so  the  prism  post  Can^be  adjusted  up  Dr  down,  * 
fore  and  aft.  or  rotated  sligtitly  in  a  vertical 
plane. 

The  auxiliary  optical  .system  consists  of  a 
seali'ng  window  (9),  a  front  surface  aluminized 


mirror  (13),  an  inner  And  outer  objective  (11, 
12),  two  identical  erector  lenses  (10),  and  the 
auxiliary  system  prism.  ^ 

The  auxiliary  mirror  is  bonded  to  a  threaded 
plug  which  screws  in  or  out  of  the  alidade  body/ 
This  allows  you  to  rliise  or  lower  the  compass 
card  image  in  the  auxiliary  field  of  view  and  to 
correct  for  tilt  or  Jean  in  the  auxiliary  field, 

The  two  objectives  share  a  common  cell,  as 
do  thcerectors,  and  both  cells  are  threaded  for 
adjustment  along  the  auxiliary  |j^is. 

The  auxliary  prism  (5)  is,  niounted  and 
idjusted  in  the  same  manne|as  the  main  prism. 

A  metal  plate  and  ^ne  crosswire  are 
mounted  at  the  commorj^jmnage  plane  of  the 
main  and  auxiliary  optical  systems. 

The  iinag<j  of  the  level  vial  (14)  will  always 
be  slightly  out  of.  focus  since  ij  is  positioned 
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'•pproximat'ely  I  inch  above  the  cotupass  or 
.  reoeater.  •  -  ^ . 


&2 


f  EPAIR  AND  ztDJim^MtNT 


'  .  After  yt)u'  have  acquired  some  experience 
repairing  optical  inslKinie>its,  you  will  probably 
discover  that  the  MMV6  and  Mk  7  alfdades  artr 
made  to  be  replaced;  rather  than- repaired.  Thk 
iJHimecessariry  expensive,  and  frustrating  to  a 
,    good  repainnan. 

The  complete  overhaul  procedure,  as  well  as 
drawings   and    parts    lists,    is   contained  in 


NAVSHfcPS  324-0488.  Basically,  collimation 
consists  of  aligning  a  collimating  stand  on  the 
collimatoV  (Mk  4),  adjusting  the  main  optical 
systeai,  and  adjusting  the  auxiliary  optical 
system.  v 

Once  the   instrument  is  collinlatcd  and 
.  sealed,  yo«  must  test  for  leaks,  dry  the  interior 
with  nitrogen,  and  charge  it  to  4  psi  pressure. 

BINOCULARS 

"  Everyone  knows  what  binoculars  are,  but 
now  you  will  learn  something  about  them.  Wc 
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will  discuss  two  basic  types:  the  hand  held 
7  X  50  and  the  mounted  :!0  X  1 20.  The 
numbers  7  and  20  refer  to  niagniUcation,  and  SO 
and  J. 20  indicate  the,  jwze  of  the  objective  lens 
o|>ening  in  millin\eters. 


7  X  Jo  BINOCULARS 


The  optical  system  and  mechanical 
arrangement,  shown  in  figure  10-54,  are 
generally  common  to  all  current  han(|  held 
birtoculars.  In  effect,  there  are  two  separate, 
prism  erected^  telescopes  joined  by  a  hinge  so 
people  with  different  eye  separations  can  use  the 
instruments  conjfortably.  7X  has  been 
determined  to  l>e  about  the  highest  practical 
magnification  tbr  hanjl  held  binoculars.  Any 
more  power  would  ,  cause  excessive  target 
motion,  and  any  less  would  not  bring  out 
sufficient  detail  on  the  target.  The  50-mm 
objective  lens  has  very  good  light  gathering 


ability  undbr  all  weather  conditions.  In  fact, 
binoculars  used  by  the  Navy  can  be  used 
effectively  half  an  hour  before  sunrise  and  half 
an  hour  after  sunset.  Tlie  wide  separation 
between,  the  objective  lenses  increases  your 
e  f  f  ect  ive  i  n  terpupillary  distance,  thereby 
increasing  your  range  of  stereoscopic  vision. 
^Stereoscopic  vision  is  directly  related  to  your 
ability  to  judge  relative  distance  .  between 
objects.) 


CONSTRUCTION  FEATURES 


The  Mk  28  and  Mk  29  binoculars  are 
practically  identical,  except  that  the  Mk  39  has  a 
reticle  mounted  on  the  right  pHsm  plate  (fig. 
10-55).  These  two  instruments  are  sealed  against 
moisture  by  sealing  compound  in  lens  mounts 
and  joints  between  body  and  covers,  and  by 
h?avy  grease  on  the'  eyepiece  cell.  The  prism 
plates  are  m<^unted  on  lugs  inside  the  body  and 
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the  objective  jisscmbly  slips  into  ai  recess  in  the 
front  ol"  (he  hotly. 
* 

Hie  lyk  32  has  several  changes,  mainly  to 
improve  sealing  the  instrument.  It  al}JO  has  an 
objective  adapter  which  screws  into  the 
binocular  body.  See  figure  10-56 

Two  types  of  eyepiece  assemblies  are  shown 
in  figure  ia5 7.  Again  the  major  difference 
between  .(he  Mk  28  and  Mk  39  and  th«  Mk  32  is 
in  the  provision  for  sealing  the  instruments. 

An  ex  plotted  view  of  a  prism  cluster 
common  to  the  Mk  28.  Mk  32,  and^Mk  39  is 
shown  in  ligUre  10-58. 

The  hinge  is  the  heart  of  a. pair  of  binoculars. 
It  must  operate  smoothly  but  provide  enougli 
tension  to  hold  the  two  bodies  in  position.  It 
forms  the.  mechanical  axis  of  the  instTumeiit. 


Figure  10-59  shows  tiBliinge  mechanism'  used 
on  the  binoculars  discuWted  so  far.  The  tapered 
hinge  axle  is  kept  from  turning  b^  splines  which 
mate  with  the  upper  left  body  lug.  Yoh  will' 
encounter  some  varia|ions  Hifif  use  two  dowel 
pins  rather  than  splines  between  the  hinge  axle 
&nd  the  body  lug. 

When  a  hinge  is  pjoperly  assembled,  the 
height  of  the  (wo  bodies  must  Jjc^qual.  There 
must  be  .004-inch  grease^ clearance  between  the 
hinge  axle  and  the  tapered  hinge  tube  (right 
body).  These  factors  are  controlled  by  the 
seating  depth  of  the  axle  in  the  left  body  lug 
(upper)  and  various  thickness  hinge  washers 
between  the  body  lugs.  The  seating  depth  of  the 
hinge  axle  is  determined  by  the  upper  and  lower 
axle  screws. 

Improper  lubrication,  incorrect  adjustment, 
or  grit  or  burrs  on  hinge  components  can  cause 
problems  with  the  hinge  action. 
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Where  the  Mk  2H,  Mk  32/and  Mk  39 
blnociUars  share  <jome  common  metha^iical 
features,  the  Mk  45  binociUar  is  cc^mpletely 
different  in^onstrgction  Xtig.  10-60).  The  design 
of  the  Mk  45  maktfs  it  practically  waterproof. 
There  are  many  reported  instances  when  these 

instruments  were  submerged  to  depths  of  100 

^ect  and  did  not  leak. 

-  .The  Mk  4S  eyepiece  assembly  (fig,  10-6 1) is 
somewhat  similar  to  the  Mk  32,  but  the  prism 
.  cluster  (fig.  10-62)  is  entirely  different.  Also 
notice  that  the  prism  dluster  of  the  Mk  45 
mounts  on  posts  on  the  'underside  of  the  cover 
plates.  Fblir  prism  locating  sJioes  are  used  to 
"locate  and  adjust  each  prism. 

Hie  hinge  assembly  of  the  Mk  45  is  also  very 
different  (fig.  10-63).  Instead  of  using  a  tapered 


hinge  axle,  split  bronze  bearings  screw  onto  each 
end  of  a  straight  hinge  axle.  As  tliose  bearings 
contact  brass  hinge  thrust  washers,  'further 
rotation  forces  them  to  e^tpand  and  contact 
bearing  surfaces  machined  in  the  right  hinge 
lugs.  Correct  lubrication,  tension'  adjustment, 
and  corrosion  prevention  are  essential  to  smooth 
operation  of  the  Mk  45  hinge. 

OVERHAUL?*  V  ) 


olc 


As  an  Ooticalman,  you  will  woiMc  on  more 
bjnoculars^an  all  other  instruments  combined. 
Some  binoculars  will  be  sent  to  the  optical  shop 
in  excellent  condition,  others  will  be  basket 
cases.  A  good  casualty  analysis  will  indicate  the 
extent  of  repair  and  disassembly  necessary.  Do 
not  disturb  any  more  than  necessary  to  do  a 
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typical  outstanding  overhaul.  It  does  not  make 
any  difference  whether  you  disassemble  the 
objectives  or  the  eyepiece  and  cover  assemblies 
first,  but  save  the  hiiige  for  last.  Likewise,  if  you 
must  completely  disassemble  a  pair  of 
binoculars,  reassemble  and  adjust  the  hinge  ' 
before  installing  optics. 

NOTE:  The  hinge  of  hand  held  binoculars 
receives  considerable  wear;  therefore  the  hinge 
of  each  pair  of  binoculars  sent  to  the  shop 
should  be  checked,  lubricated,  and  readjusted, 
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Alway^  replace  gaskets,  where  ap|)ropriate, 
and  never  Werchsnge  optics  or  mechanical  parts 
be  twoen  \  bodies.    Binoculurs    can    be  , 
tem|)eramenli»l  if  you  start  switching  parts, 
•  use  a  compaVtir^ented  parts  box  to  keep  them 
separated.  Kve\i  with  excellent  quality  control, 
dimensions  of  mechanical  compon<i1its  will  vary 
slightly,  lenses  \will  have  minor  focal  length 
differences,   and\  prisms  will  not  always  be  . 
identical.  Use  a  lens  centering  instrument  to 
check  focal  lengthSyof  lenses,  and  make  a  side 
visual    inspection  Vto    determine  variations 
between  mechanical \eomponcnts.  The  seating 
depth  of  objective  lenkes  in  their  mounts  can  be  " 
troublesome  at  times,  especially  if  different  size 
pristns  are  used  in  each  telescope. 

\ 

To  compare  prisms  foiVsize,  place  them  in'  a 
V-block  protected  by  a  sheVt  of  lens  tissue.  The 
entrance  "/emergence  face  of  W  larger  prism  will  * 
be  higher  than  the  corresponding  surface  of  the 
©ther -prism.  Replacing  any  lyrism  in  a  pair  of 
binoculars,  with  one  of  larger  sik\  will  lower  the 
eyepiece  in  that  telescope.  The  Converging  light 
from  the  objecti><e  has  to  travel  further  in  the 
larger  prism,  therefore  it  comes\  to  a  focus 
farther  from  the  eyepiece  (see  figure\IO-54),  and 
you  have  to  turn  the  eyepiece *in  tc\  focus  the 
image. 

Cleanliness  is  just  as  important  in  binoculars 
'  as  it  is  in  any  other  instrument.  Dust  orWeiise/^ 
smudges  will  reduce  light  transmission.- and\hese 
defects  can  be  seen  on  the  optics.  The  collective  . 
lens  is  very  close  to  the  objective  image  planeVso 
any  specks  or  lint  will  be  magnified  and  vei 
obvjous.  .Remove  grease  from  all  lens  mounts 
before  you  attempt  to  replace  the  lenses. 

» 

When  you  .  remove  the  eyepiece  cells  from 
the  cover  plates,  mark  the  relationship  between 
these  parts  so  you  can  reassemble  then)  itlrfhe 
same  position -especially  if  focusing  actiot|  is 
equal  between  them.  If  focusing  actiort  is  not 
equal,. try  a  different  lead  on  the  multiple  Ipad 
thread.  Eyepiece  cells  of  the  Mk  28,  32,  and  % 
are  removed  from  the  top.  The  Mk  45-*hould  be 
removed  from  the  bottom. 
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Apply  lubrication  to  the  eyepieces  and 
objective  eccentric  rings  during  final  assembly. 
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Likewise,  use  antisti/c  on  cover  screw  threails,- 
objective    c;ip    threads.    ;md.  threads   or  the' 
objective  adapters  (where  appropriate). 

COLLIMATION  * 

4  4 


Prism  citister  assembly  js  a  very  jmt>ortant 
part  of  bHKK^»l:rr  coHimation,  If  This  is  not  done 
properly,  you  may  not  be^le  to  collimate  your 
binoculars  without  disiisscmbling  one  or  both 
clusters  to  find  the  problem.  Po.rro  prisin  cluster 
adjustments  were  disciissed  in  Chapter  H. 

The  assenibled  jjinocular  (except  for 
objective  seals,  lockrings.  and  objective  caps)  is 
mounted  on  a  Mk  5  collimator,  as  shown  in 
figure  10-64.  Notice  that  the  binocular  is 
mounted  upside  down,  and  the  right  hinge  lug  is 
clamjx-d  in  the  fixture  so  thlleft  body  is  free  to 
move. 

Using  an  auxiliary  telcVope  with  rhomlxjid 
attachment,    focus    both  |  eyepieces    on  the 


VOllimator  target  iljid  sot  the  focu.sing  ringv-to 
^.ero  diopters  (within  ±1/4  diopter  of  each 
other,).  At  this  time,  the  eyepieces  should  be  of 
equal  height^  within  1/16  inch.  (Oheck  with  a 
straiglvt(bdge.)  Also.check  fo_r  lean  by  comparing 
thy  magnified  collimator  target,  seen  througli 
the  eyopicecs,  with  the  dialler  collimator  target 
pkhiil  up  by  tiie  rhomboid  attachment.  Correct 
»'»y  problems  noted  before  proceeding.  • 

To  align  both  linc^  of  sight  with  the  hinge 
axis,  use  the  tail-of-arc  method;  explained  next 

J  •  ^ 

I.   Swing  the  left  body  alKfie^way  up  to 
show  approximately  58  mm  on  the  IPD  scale. 
Using  the  auxiliary  telescope,  adjust  the  .screws 
on  Ihe  CQllimator  fixture  to  align  the  normal  and  " 
magnified  target  image.  See  figure  10-65. 


3.   Now  swing  theJcft  body  down  to  obtain 
the    widest    separation    betweeiJt  cye^^es 
(74  mm).  What  you  see  through  the  auxSary  ■ 
telescope  sKoOld  be  similar  to  figure  10*66.  The. 
smaller   target   (A)  is  a  stationary  reference 
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Figurt  10-68. -Coliireator  crosilinet  tup«rimpo<ed  at 
58  mm  inttrpupitiary  distance. 


picked  up  by  the  rhomboid,  the  magnified 
target  (B),  seen  through  the  left  barrel,  shows 
how  tar  the  line  of  sight  deviates  from 
parallelism  with  the,  hinge.  NOTE:  To  make 
collimation  easier,  the  objective  eccentric  rings 
should  be  set  for  minimum  displacement  when 
assembled. 

3.  to  adjust  the  line  of  sight,  fir»L 
construct  an  imaginary^quilateral  triangle 
shown  by  points  A,  B,  anTc  in  figure  10-66. 
Point  C  must  always  be  figured  in  a  cfockwise  ' 
direction  from  point  B,  regardless  of  where  the 
magnified  crossline  ends  up  after  swinging  the 
left  body.  NOTE:  The  small  crOssline  may 
appear  to  move. 

•  ./ 

.  4.  With  the  left  telescope  still  at  74  mm 
IPD,  manipulate  the  objective  eccentrics  to  place 
the  magnified  target  ftnage  (B)  in  the  area  of 
imaginary  point  (C).  Try  to  mak?  this 
adjustment  without  disturbirtg  the  binocular  on 
the  collimator  fixture.  NOTE:  First,  rotate  the 
entire  objective  assembly  (Inner  and  outer 
eccentric).  If  this  does  not  move  the  magnified 
target  to  point  C,  throw  some  eccentricity  into 
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the  objective  and  rotate  the  complete  assembly 
again. 

5.  After  you  ar<rsatisfied  that  the  crossline 
is  near  point  C,  swing  the  left  body  back  to 
54  mm  IPD  and  adjust  the  collimator  fixture  to 
superimpose  the  two  crosslines  (fig.  10-65). 
Repeat  steps.  2  through  5  until  there  is  no 
displacement  of  the  magnified  crossline  when 
you  swing  the  left  barrel  from  54  mm  to  74  mm  • 

,  If  you  find  there  is  not  enough  eccentricity 
in  the  left  objective  to  satisfy  collirnation 
requirements,  you  will  have  to  shift  prisms. 
After  shifting  prisms,  check  zero  diopters,  equal 
eyepiece  height, .  and  *  lean  again  before 
recollimating. 

6.  Once  the  left  body  is  collimated,  swing 
that  body,  down  to  approximately  64  mm, 
realign  the  two  crosslines  by  adjusting  the 
collimator  fixture,  and  adjust  the  right  objedtive 
to  superimpose  the  two  crosslines  seen  through  * 
tlie  auxiliary  telescopy.  Recheck  ihe  left  and 
right  bodies  to  be  sure  you  have  perfectly 
superimposed  the  crosslines.  NOT'fe:  If  yqu  * 
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ciiiuiot  superimpose  the  line  of  sight  with  the 
liFht  objective  eccentrics,  shift  prisms  and 
proceed  as  indicated  in  step  5  above, 

7.  Tighten  the  eccentric'  lock  screws, 
replace  gaskets  and  rings,  replace  and  lock  the 
objective  lockring,  and  rcplac*.  the  objective 
caps.  NOTi;;  Tightening  the  eccentric  lock 
screws  and  tl»e  objective  lock  rings  may  throw 
'cgJJiiiuitiaii  otf.  Recheck- and  adjust  as 
necessary. 

Collimation  tolerance  for  l>oth  lines  of  sight 
in  a  binocular  are  specified  as  (a)  2'  step  (vertical 
displacement),  (b)  4'  divergence  (outward 
separation),  and  (c)  2'  convd'rgence,  These 
tolerances  represent  government  performance 
standards  lor  binoculars.  You  will  not  find  an 
optical  skop  supervisor  who  will  accept  these 
sloppy  tolerances.  If  your  collimation  is  not 
perfect,  it  is  not  good  enough. 

Complete  overhaul  information  for  Navy 
hand  Ijcid  binoculars  is  found  in  NAVSHIP^ 
250-624-2. 

At  this  point  ^must  warn  you  about 
dilYorcnces  in  imported  binoculars.  U.S.  military 
binoculars  are  the  best  in  the  world,  and  they 
cost  about  $350  each,  ff  you  pay  $35  to  $J20 
for  an  import,  the  cost  is  comparable  to  quality. 
Optically;  imported  prismatic  binoculars  are 
excellent,  but  collimation  is  difficult  due  to 
loose  tolerances,  no  eccentrics  on  somg  models, 
and  sloppy  pnsm  mounting,  In  fact,  prisms  are 
glued  in  some  Iheaper  models.  Power  is  also  * 
exct^ssive,  sometimes  as  hifeh  as  20X  in  a  hand 
held  instrument. 

Another  cheap  shortcut  found  in  many 
imports  is  the  use  of  a  center  focusing 
arrangement,  rather  ^than  individual  focusing  - 
eyepieces.  In  this  system,  a  -large  focus  knob 
mounted  on  top  of  the  hinge  drives  a  multiple 
lead  shaft  up  or  down  inside  the  hinge.  Attached 
to  the  top  of  the  shaft  by  another  hinge  are  the 
two  eyepieces  which  slide  up  or  down  on  tubes 
screwed  into  the  top  cover  plates.  To  account 
for  differences  in  diopter  setting  between  the 
left  and  right  eye,  the  right  eyepiece  is  focused 
in  tl^jipwrSr  manner. 


The  mi^or  shortcx)ming  of  center  focus 
binoculars  is  that  close  fitting  of  sliding 
components  is  not  possible  if  the  focusing 
mechanism  is  going  to  work  at  all.  The  loose 
fitting  eyepieces,-  combined  with  high 
magnification  and  sloppy  prism  mounting,  will 
be  the  ultimate  test  pf  yoUr  skill  and  patience  if 
you  ever  attempt  to  repair  such  binoculars. 


SHIP  MOUNTED  BINOCULAR 


A  completed  ship  binocular  is  shown  in 
figure  10-67.  The  optical  arrangement  is  similar 
to  hand  held  binoculars  except  that  polaroid 
filters  and  clear  compensators  are  provided,  and 
the  ship  binocular  uses  an  internal  focusing 
eyepiece.  Characteristics  of  the  ship  binocular 
follow : 

Magnification  20  power 

Qear  aperture  of  objective  ....  120  mm 

True  field  of  view  r  3"  30' 

. '  Eye  distance  at  zero 
diopters   22.5  mm 

Apparent  field  (approx.)  70° 

Exit  pupil  6  mm  ' 

Interpupillary  distance   56-74  mm 

Overall  binocular  length 

(sunshade  Extended)  ........  20.375  inches 

^bverall  bmocular  width  22.5  inches 

Construction  Features 

The  Navy  uses  three  similar  types  of  ship 
binoculars,  the  Mk  3  Mod  1,  Mk  3  Mod  2,  and 
the  Mk  3  Mod  4.  An  exploded  view  of  the  MH  3 
Mod  4  is  shown  in  figure  10-68.  This  instrument 
may  look  Mki  a  nightmare,  but  it  really  isn't 
ver/ complicated. 

.  Most  ship  binoculars  are  scaled  with  0-rings, 
packing,  and  sealing  compound  to  maintain  an 
internal  pressure  of  2  psi.  Two  shafts  extend 
through  the  eyepiece  housing.  One  controls  th^ 
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1.  BINOCULAR  ASSEMBLY 

2.  CARRIAGE  ASSEMBL  Y 

3.  BULKHEAD  (^RACKET 

4.  PEDESTAL  ASSEMBLY 

5.  SWIVELLING  EYEBOLTS 


Figurt  10-S7.-8Mp  binocular. 


69.18 


filter  assembly,  the  other  inove$  both^eyepieces 
to  set  the  user's  IPD.  NOTE:  As  you  can  see  in 
flgure  10>68,  there  is  no  hinge  connecting  the 
two  telescopes  of  a  ship  binocular.  The  two 
eyepieces  are  gear  driven  to  move  in  opposite 
directions. 

•  f 


The  two  elements  of  each  objective,  are 
separated  by  a  spacer.  Various  spacers,  seals,  and 
lockrings  fit  into  the,  objective  tube  to  complete 
the  objective  assembly.  The  mtuor  difference 
between  the  Mk  3  Mod  1  and  Mk  3  Mods  2,  3, 
and  4  is  the  means  for  adjusting  the  objectives 
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during  collimution.  in  the  Mk  3  Moil  4 
(illustrutcd)  occentnc  buttons  (30)  arc  used  to 
shift  the  objective  asNcmbly.  The  Mk  3  Mod  I 
uses  eccentric  rings.  Completo  information  on 
overhaul,  adjustment  coll^mation,  scaling,  and 
drying  is  found  in  NAVShlPS  .124-OSIft  and 
NAVSHA  S942I-AA-MMA-0I0. 


IO-ft9.  The  boiesight  is  mounted  on  a  breech 
bar.  which  centers  it*  in  the  breech,  and  a  ck>se 
fitted  muzzle  disc,  with  centered  peep  hole,  is 
slipped  in  the  muz/.le.  The  boreslght  can  be 
adjusted  to  center  a  crossline  on  the  mu/zic  disc, 
then  the  borosight  can  be  focused  on  a  selected 
external  target  so  associated  equipment  can  be 
aligned  to  the  gun  bore  on  the  same  target. 


BORESIGHT  TELESCOPHS 

i 

.  As  the  name  implies,  a  boresight  is  used  to 
accuratj^ly  align  the  point  of  i«m  of  a  naval  gun 
with  associated  sightmg  aiuipjnent  and 
mechanisms.  A  typical  setup  is  shown  lu  figure 


CONSTRircrrON  FEATl/ftES 


Two 


similar  inijtrument.s  arc  shown  in 
cutaway  form  in  figures  10-70  and  10-71.  Even 
though  there  are  some  optical  and  m«;chanical 
differences,  the  boresights  are  interchangeable  in 
function 


n\H<t 

PARALLAX-A0JU9TIN0  NINO 


ROTATINO 
RINO 


OUTtlOe  ' 
AOJU8TIN0  TUSt 


•RCeCH  BAN 

OMT  Tetescope 


•ftCeCH    OF  OUN 


MUZZLE  0180 


Fijurt  10-69.-Typicil  bortiightino  tquipmeht. 
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"''"'sCRtw"''^   ERr^mr      ''^IIV''^  CROSSL.NE  LENS  TELESCOPE 

SCRtWv       ERECTING  RING  ERECTING      .ADJUSTING  SCREW  LOCK  RING 


EYEPIECE 
COLLECTIVE 
LENS 


EYELENS 
EYEGUARO 


EYEPIECE 
FOCUSING  RING 


ERECTING  SYSTEM 


OBJECTIVE 
LENS 


BODY  TUBE 
OBJECTIVE  DRAW  TUBE 


6RAW  TUBE/     SPIRAL       OBJECTIVE  ADJUSTING 

KEY       FOCUSING  RING      SCREW  ADJUSTING  SCREW  HOUSING 


EYELCNS 


A.  CUTAWAY  VIEW 
COLLECTIVE  LENS  CROSSLINE  LENS 


OBJECTIVE  LENS 


m 


PLAN  VIEW  OF  CROSSLINES 


REAR  ERECTINO  LENS 


FRONT 
ERECTING  LENS 


,  1  ■ 

♦^12  mm-* 

B.  LENS  SYSTEM 
Figur^  ip  70.-0ptlcal  and  m«ch«nical  syitem  of  •  Mk  8  Mod  6  boretight. 


137.270(271) 


Optical  characteristics  ot  tho  two  borosights 
arc  listed  below: 


Mk  8  Mod  6 


Magnification 
Field 

Itxit  pupil 
Eye  distance 


9.bX 
2°  30' 
2  J  mm 
1 1 .0  nun 


Mk  75  Mod  I 
Magnification 
F-ield 

Lxit  pupil 
Kyc  distance 


8X 
3"  20' 
2.5  mm 
19.4  mm 
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Notice  that  these  borosights  have  a  small 
field  angle  and  a  tiny  exit  mipil.  Considering 
that  they  are  used  only  for  infrequent  alignment 
purposes,  these  features  are  not  objectionable. 
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EYEPIECE 
COLLECTIVE  LENS 


EYELENS 


ERECTING 
LENSES 


ADJUSTING  SCREW 
HOUSING 


CROSSLINE 
LENS 


TELESCOPE 
LOCK  RINQ 


DIOPTER 

Getting  ring 


OBJECTIVE 
LENS 


BODY  TObE 


DRAW  ^CROSSLINE,  ^TELESCOPE 
TUBE      LENS  MOUNT  ADAPTOR 


DIAPHRAGM 


FOCUSING 
RING 


TELESCOPE  ADJUSTING  SCREW 
A.  CUTAWAY  VIEW 


REAR 
EYELENS 


FRONT 
EYELENS 


FRONT 
ERECTING  LENS 


CROSSLINE  LENS 


REAR  ERECTING  LENS 


B.  LENS  SYSTEM 


<>  mm 

PL'AN  VIEW  OF  CROSSLINES 


,  .FIgurt  10-71. -Optical  and  machanlcal  lyitam  of  a  Mk  75  Mod  1  boreiight. 


84.207037.267) 


Another  necessary  oiiaracteristic  for  a 
boresight  is  the  ability  to  focus  on  objects  at 
various  distances:  Tlie  Mk  8  Mod  6  can  fOcus  on 
objects'  from  6 > feet  to  infinity.  This  is 
accomplished  by  mountinglhe  objective  lens  In 
a  draw  tube  so  it  can  be  moved  in  relation  to  a 
fixed  eroetslinc  to  provide  a  parallax-free  view  of 
the  target.  The  eyepiece  system  of  the  Mk  8 
Mod  6  is  also"  in  a'  fixed  position.  Focusing  is 
provided  by  mounting  the  erecting  system  in  a 
draw  tube., 

The  Mk  75  Mod  I  boresight  is  capable  of 
focusing  on  objects  between  10  feet  und 
infinity.  In  this  telescope,  the  objective  is  fixed 


and  the  crossiine  and  erectors  are  mounted  in  a 
drawtube.  It  is  also  a  focusing  eyepiece, 

As  you  can  see  in  figures  10-70  and  10-71 
both  telescopes  have  a  spherical  bearing  on  the 
body  tube  which  fits  .a  socket  in  the  telescope 
adapter.  When  the  telescope  adapter  is  screwed 
into  a  fixture  and  secured  with  the  telescope 
lockring*  the  four  telescope  adjusting  screws  can 
be  manipulated  to  accurately  position  the  line  of 
sight. 

Notice  in  figure  10-72  the  Mk  8  Mod  6 
boresight  has  a  rotating  ring  and  crossiine 
adjusting  screws.  This  feature  allows  you  to 
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remove  ocun(rici(y  between  the  target  and 
crosslhio.  The  Mk  75  Mod  I  ih^s  not  have  tliis 
Toature  because  the  crossline  lens  is  accurately 
ground  to  be  perfectly  concentric  with  the 
crossline  and  the  ruoiuits  and  body  tubes. 

REPAIR  AND  ADJUSTMENT 

Boresight  telescopes  are  sturdy  but  delicate. 
l^Kjy  *rt'  stored  in  a  protective  box  most  of  the 
time.  However,  accidents  do  happen.  Usually, 


they  are  sent  to  the  optical  shop  only  for 
clcatJiIng  and  lubrication. 

In  a  boresight,  jicrews  are  small,  threads  are 
very  fine,  the  lenses  are  sinall,  and  mating  parts 
are  closely  fitted.  Yoii  must  be  very  careful 
when  disassembly  is  necessary  to  avoid  damaging 
or  deforming  any  parts.  It  would  be  advisable  to 
make  some  special  tools  for  removing  lockrings. 

The  complete  description  and  overhaul 
procedures  for  the  Mk  8  Mod  6  and  Mk  75  Mod 
I  boresights  is  contained  in  OP  1449. 
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C  PARTS  LIST 


PC 

^. 
2. 
J, 
4, 
5. 

7. 

S. 

9, 
10, 
II 


NAMI*: 

fROTHACrOk  l  OCK 
PHOTHACrOH  LOCK  PtATI- 
»ASi:  PLATK 
SPINOLP.  UNIT 
SKID  lUTTON 

•♦r  Nirr 

SCALE  L<K  K  SCRI W 
**L"  NUi  SPRINi; 
f  LBOW  BRACKIi T 
LLBOW  PULLLY 
BRAKF.KNOB 

RAKt  KNOB  INStRX 
IX>Wr.R  BRAKF  SIIAr- T 
M)WFR  BRAKI'  PLATt 
BRAKE  LINING 
liPl^tR  BRAKE 
ELBOW  SPINDLI* 
BRAKE  DISC 
ELBOW  NUT 
,  BRACKET  StPPORT 
,  lUNCIEMOUNTINd 
PIN 


RtSIIIPSI>W<;  NO. 


11. 
14. 
15. 
16. 
17. 
IB. 
\9 
20 
21 
22 

23.  SET  .SCRtW  (COMM.  HE  AIM  ESS) 


82407  5  337  30 


24.  JAM  NUT 

25.  /VNCnOR  HJ.ATF 

26.  ANCHOR  SCREW 

27.  MAST  PULLEY 
2B.  EORK  BRACKET 

29.  ANCHOR  PIVOT 

30.  LOCK  NUT 

31.  WITNESS  PLATE 

32.  PROTRACIOR 

33.  HEAD  PULLEY 

)4. SPINDLE  BUSHING  . 
36.  BRACKET  PLATE 

36.  SPINDLE  PIN 

37.  HKADBRACKtT 

3B.  handle: 

J9.  LOCK  NUT 

40.  "L"  NUT  SHIM 

4L  SPINDLE  BUSHIN(;  SIHM 

42.  HINi;E  MOl  NTIN(,  M  ASF  S<  Kl  W 

^43.  ERICtlON  PLA  l  E 

44.  MAST 

45.  BANDCOVER 

46.  BRAKE  SC  REW 

47.  UPPER  TUBE 

41.  TUBEBUSIIIN<; 

49.  TUBETUUITENIN(;  PIN 

50.  LOWER  TIIBE 
St.  BAND 

St  THRUST  WASMEH 

53.  HINGE  MOUNTING  WRENCH 

54.  CIIUCK  WRENCH 

ss*  ctiucK  wrenIh  pin- 

Sf  Til RUSn  PLUG 

S7.  THRUST  SCREW 

IB,  SUPPORT  STEEL  TUBE 


v/'-2H  Xf"  LONG 

v:' .  28 
S2407  533732 
S2407  533731 


'S2407'533732 


S2407:5J3733 


59.  MACH.  SC  REW  (OVAL  PHILLIPS) 

60.  WOOD  SCREW  (OVAL  HD.) 

61.  MACH.  ^CRI  W  (OVAL  IID.) 

62.  RIVET 

63.  HEXNUr 

64.  MACHINE  SCREW  (FILLISTER  HIX) 

65.  HEXNUr 

66.  ALLEN  WRENCH  (NO.  I«) 
BTBETARIPft- 

68.  MACH.  SCREW  (RD.  IID.) 

69.  LOCK  PLATE  SCREW 

70.  BEARING 

71.  MACH.  SCREW  (OVALHD.) 

72.  'X"  NUT  BUSHING 

73.  RIVET 

74.  MACH.  SCREW  (RD.  IID.) 
75.SCALE(32NDA501H) 
76,SCALE(I6THA20TH) 

77.  SCALE(32NDA40TH) 

78.  SCALE  CHUCK 

1^.  SCALE  CHUCK  SCREW 

80.  SCALE  SCREW 

8L  SCALE  CHUCK  BUSHING 

82.  NAMEPLATE  (CARRYING  CASE) 

83.  PIN  (ESCUTCHEON) 

84.  CARRYING  CASE 


8  32  X  iV*'  LONG 
10  X  I  ^.i  ' LONG 
.|0  .32X2"LONfi 

v;'-28  . 

2  -  56  X  LONG 

to  ■  )2 
S2407/5J3733 

nAPNlR  r-202-<:iXUD- Jj^ 

8  32  X«"  LONG 
S2407/533733 

FAFNIRT20l<:2KOl>^\{| 

8-32  X  Vi"  LONG 

82407/533713 

II  i> 

8-32  X  W  LONG 
S2407/533734 


18  Xi"  LONG 
S2407/533734 


DRAFTING  MACHINE 
(  PARALLEL'MOTION  PROTRACTOR  TYPE ) 

MARK  3  MOD.  3 
GENERAL  ASSEMBLY 

S2407H/533728 


137.6 
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1.  PLAIT-.  IDENTIFICATION 

(ATTACHING  PARTS) 

1  SCREW 

3.  KNOB.  HEADREST 

4.  PIN 

5.  PIN 

«.  PLATE.  RETAINING 

7.  SCREW 

8.  SHAFT 

9.  HINGE.  HEADREST 
la  PIN 

i  I.  PLATT.  CLAMP 

11  STRAP.  RETAINING 

13.  SCREW 

14.  WASHER 

15.  HEADRJEST 

16.  PIN.  HINGE 

17.  PtN 
IS.  GRIP 
19.  HANDLE 
JOL  PIN 

21.  SHAFT.  PIVOT 

22.  SICREW 

23.  VISOR.  BINOCULAR 

24.  SCREW 

25.  WASHER 

26.  CLAMP.  OBJECTIVE 

27.  SCREW . 

2*.  CELL,  OBJECTIVE 

29.  SEAL 

3a  SHAFT.  ECCENTRIC 

31.  SCREW 

32.  WASHER 

33.  WASHER 

34.  PACKING 

35.  VALVE.  GAS 

36.  SIGHT,  FRONT 

37.  BRACKET.  CARRIAGE 

38.  SCREW 

39.  PIN 

4a  DOVETAIL  LH 

41.  DOVETAIL  RH 

42.  SCREW 

43.  riN 

44.  HOUSING,  MAIN, 

45.  HOUSING,  FILTER 

46.  SCREW 

47.  PIN 


48.  »  SEAL 

49.  GEAR,  IDLER.  FILTER 
5a  SCREW 

51.  WASHER 

52.  PLAIT..  ACTUATOR 

53.  SCREW 

54.  SHAFT.  IDLER  GEA|^ 
,  55.     RING,  RETAINING  ' 

56.  piLTER  ASSEMBLY 

57.  SPRING.  dETENT  ARM 

58.  RING.  RETAINING 

59.  ARM.  DBTENT 
6a     ROLLER.  DETENT 

61.  PIN,  DETENT  ARM 

62.  RING,  RETAINING 

63.  PIN,  PIVOT 

64.  GROOVPIN 

65.  GEAR,  FILTER  ADJUST 

66.  SCREW 

67.  KNOB.  FILTER 

68.  PIN.  SPRING 

69.  SHIM,  WASHER 

70.  SHAFT.  ADJUSTING 

71.  PACKING 

72.  BEARING,  SLEEVE 

73.  SCREW 

74.  WASHER 

75.  PACKING 

76.  GEAR,  SECTOR 

77.  SCREW 

78.  BEARING,  SLEEVE 

79.  KNOB.  INTfiROCULAR  ADJUST 
PIN,  SPRING 
SHIM,  WASHER 
GEARSIIAFT.  INTEROCULAR 
PACKING 

BEARING.  SLEEVE 
SCREW 
WASHER 
PACKING 
SPACER,  STOP 
SCREW,  FIL  IID,  SLOT 
BUTTON,  STOP 
HOUSING,  PRISM  LH 
HOUSING,  PRISM  RH 
SEAL 

HOUSING,  EYEPIECE  Ul 
HOUSING.  EYEPItCE  RH 


%.  SCR€W, 

97.  PIN 

98.  PACKING 

99.  PRISM  ASSEMBLY  LH 
lOa  PRISM  ASSEMBLY  RH 
iOU  ^REW   

102.  WASHER 

103.  WASHER 

(04.    SPACER,  SLEEVE.  RETICLE 
0^.   CLAMP,  RIM 

106.  SCREW 

107.  HOUSING.  RETICLE 

108.  WINDOW.  COMPENSATOR 

109.  PLUG.  ACCESS 

110.  SCREW 
Ml.  WASHER 

112.  WASHER 

113.  PACKING  . 

1 14.  KNOB.  DIOPTER  ADJUST 

115.  SET  SCREW 

116.  PIN 

117.  PACKING 

118.  BEARING,  SLEEVE 

1 19.  SCREW 
12a  PACKING 

121.  SHAFT,  DIOPTER  ADJUST 

122.  CAM,  CONTROL.  DIOPTER 

123.  PACKING 

124.  SHIM,  WASHER 

1 25.  CLAMP.  LOOP.  EYEGUARD 

126.  EYEGUAI(ID 

127.  HOUSINd,  EYELFJ»<S 

128.  SCREW 

129.  PACKING 

13a    RING.  RETAINING.  EYELENS 

131.  LENS.  EYEPIECE 

132.  HOUSING,  LENS,  EYEPIECE 

133.  RING,  RETAINING  , 

134.  LENS,  TRIPLET.  EYEPIECE 

1 35.  LENS.  DOUBLET.  EYEPIECE 

136.  SPACER,  LENS,  EYEPIECE 
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CHAPTER  11 

NIGHT  VISION  SIGHTS  AND  GUNSIGHTS 


You  might  think  it  strange  to  combine  two 
seemingly  different  types  of  instruments  in  one 
chapter,  but  the^-e  are  some  similarities  to  justify 
this  action,  In  the  first  place,  scvttial  of  the  Aight 
vision  sights  being  discussed  are  actually  used  as 
gunsights.  Secondly,  both  categories  of 
instruments  combine  conventional  optics  with 
some  electrical  or  electronic  application. 

This  chapter,  therefore,  is  an  introduction  to 
electro-optical  instruments.  ^ 


NIGHT  VISION  SIGHTS 

Thus  far,  you  have  been  expo$ed  to  optical 
instruments  that  f\inction  in  bright  light  or  rely 
on  a  luminous  or  iUi^minated  target  to  fprm  a 
tiseful  image.  Night  vision  sights  are 
electro-optical  devices  which  are  designed  for 
use  when  there  is  not  Enough  light  for  a 
conventional  telescope  to  form  an  image, 

We  will  discuss  three  passive  instruments 
which  emit  no  light  during  operation ; 
conseqCiently,  they  .cannot  be  detected.  These 
device*  electronically  amplify  available  light 
35,000  to  50,000  times  4o  the  operator  can 
clearly  dirtinguish  objects.  We  will  also  describe 
an  infrared  telescope,  considered  an  active 
instrument  since  it  generates  a  beam  of  infrared 
to  iUuminat<?  targets.^  Infrttcd  is  not  visible  to 
the  unaided  .  eye,  but  the  enemy,  u^ing 
infrared-sensitive  instruments,  can  detect  our 
operators, 

COMPONENTS  ^ 

A  nigh;  vision  sight  (NVS)  consists  of  three 
Optical  assemblies:  tJ(ie  objective  ?Temertts,  the 


"  image  intensifier  tube  (IIT),  and  the  eyepiece 
system.  The  objective  assembly,  consisting  of 
multiple  lenses  (or  mirrors),  fojjuses  available 
light  on  the  first  stage  of  a  three-stage  IIT.  The 
IIT  amplifies  the  light  through  a  process  of 
electron  emissions  from  phosphor  screens,  therv 
presents  this  light  to  a  focusing  eyepiece  for 
final  magnification.  A  very  basic  -schematic  of  a 
typical  NVS  system  is  shown  in  figure  1  M , 

Two  types  IIT  are  in  current  usagef^nd 
they  can  be  used  in  all  three  night  vision  sights 
being  discussed.  The  older  type  IIT  could  not 
tolerate  bright  light  without  overloading.  Too 
much  exposure  would  burn  owt  the  unit.  A  new 
automatic  brightness  Control  (ABC)  IIT  can 
accept  higher  light  levels  and  will  also  turn  itself 
off  to  prevent  damage, ' 


MK  36  ISJVS 


„  The  Mk  36  NVS  (fig.  1 1-^)  is  a  lightweight 
(6  pounds)  4-pow6r  instrument  which  can  be 
hand  held  or  mounted  on  various  light  rifles  or 
machineguns.  It  htfs  an  objective  assembly  which 
can  be  focu$ed  on  objects  from  4  yards  to 
infinity. 


MK  37  NVS 


The    Mk    37    NVS    (fig.    Vl-3)    is  a 
bridge-mounted* sight  with  a  power  of  5.5  or  7.5, 
depending- on  the  eyepiece  us^d.  the  objective 
assembly  can  focus  on  objects  from  50  yards  ta 
.  Infinity. 
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Figure  11-1. -Image  inttntifier  diagram. 
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Figure  11  Z-Night  vision  sight  Mk  36. 


CREW  SERVED  WEAPON 
SIGHT  (CSWS) 

The.  CSWS  (fig.  11^4)  is  a  7-power 
instrument  with  two  types  of  illuminated 
reticles.  This  NVS  is  mounted  on  heavy 
machinegunS)  recoilless  fifles,  or  20-mm  cannon. 
Obje%ive  focus  range  is  the  same  as  the  Mk  37. 
The  Doresight  mount  assembly  shown  is  also 

used  on  the  Mk  36  NVS. 

->  ^  '  . 

A  representative  power  supply  assembly  is 
shown  in  figure  11-5,  A  mercury  battery  (6.8 
VDG)  powers  an  oscillator  which  converts  the 
low  d.c.  voltage  to  2800  VAC,  This  higher  a.c. 
voltage  is  further  boosted  by  the  I  IT  to 
approximately  45,000  V  during  the  process  of 
light  anipliflcation.  The  Mk  36  and  Mk  37  are 

O  '         .  11-2 
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also  supplied  with  a  converter  so  1 1 5-VAC 
power  can  be  used  in  place  of  the  battery. 

METASCOPE 

The  infrared  telescope  (metascope)  is  shown 
in  figure  11-6.  The  receiver  portion,  which 
detects  other  infrared  sources,  is  a  I.IX 
telescope,  with  focusing  eyepiece  and  objective 
(adjustable  for  targets  from  12  inches  to 
infinity).  A  AercOry  battery  .  (1.34  VDC) 
activates  a  power  supply  which  steps  the  voltage 
up  to  11,500  VDC.^The  power  supply  output 
energizes  a  single-stage  image  tube  which 
functions  similarly  to  the  IIT  in  a  NVS.  The 
light  source  of  the  metascope  is  nothing  hiore 
than  a  two-cell  flashlight  with  an  infrared  filter 
over  the  reflector,  With  the  light  source  attached 
to  the  receiver,  and  activated,  the  target  is 
bathed  in  invisibleljgcifrared  light  which  is 
converted  to  ^  vi^ibl^Page  by  the  image  tube  jn 
the  receiver. 


REPAIR  AND  ADJUSTMENT 


The  primary  safety  consideration  in  working 
with  an  NVS  is  the  high  voltage  in  the  IIT 
assembly*  This  voltage  must  be' discharged,  as 
specified  in  bP  4067^  BEFORE  you  attempt  any 
internal  repairs.  It  is  also  important  tp  avoid 
damaging  .the  IIT.  The  coating  on  the  phosphor 
scfeen  is  toxic.  You  must  not  inhale  it  nor  allow 
it  to  come  in  contact  with  your  mouth  or  any 
open  wounds. 
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Repairs  to  night  vision  sights  arc  limited  to 
continuity  vhecks  of  switches  and  wiring, 
rephiccnicnt  of  defective  electrical  components, 
cleaning  external  optics,  replacing  various  seals, 
and  replacement  (turn-in)  of  Damaged  or 
unserviceable  optical  components.  Further 
repair  or  disassembly  is  not  normally  authorized. 

Limited  repair  procedures  lor  night  vision 
siglits  are  contained  in  OP  4067.  A  description 
of  detailed  overhaul  of  night  vision  sights  can  be 
found  in  chapter  5  of  OptlcalmanJ  d  €[ 
NAVTRA^I020#series. 


GUNSIGHT  TELESCOPES 

*  Gunsjght  telescopes  vary  from  small,  fixed 
line  of  sight  instruments  to  large  sei^vocontrollcd 
tilting  prism  sights.  The  small  sights  arc  mounted 
on  open  gun  mounts,  larger  sights  are  found  in 
closed  twin  mounts,  and  the  modern 
instruments  are  mounted  on  gunfire  directors  or 
in  gun  mounts. 

Older  gunsights  were  designed  so  one  person 
could  sight  the  target  and  control  elevation 
while  another  person,  using  a  similar  sigh.t, 
would  train  the  gun.  Range  to  a  target  was 
determined  by  rangefindcr  or  radar,  and  the 
pointer  and  trainer  would  observe  the  effect  of 
gunfire  and  adjust  train  and  elevation 
accordingly.. 

'  Large  guns,  in  closed  mounts,  used  several 
different  types  of  ^  sights  which  were 
mechanically  connected  to  the  elevation/train 
mechanism.  With  this  arrangement,  the 
operators  could  observe  the  effects  of  gunfire 
without  changing  position.  Aiming  of  the  guns 
and  sights  was  normally  controlled  from  the 
director, .  but  local  control  could  be  used  if 
necessary. 

This  section  will  deaf  with  only  one  type  of 
older  gurisight.  If  additional  information  is 
needed,  refer  to  OP  582, 

MK67  ANDIVfK68 
GUNSIGHTS 

•  Tlie  Mk  67  gunsigl\t  (fig.  11-7)  is  a  6X, 
tilting  prism  giinsight  about  4  feet  long  and 
weighing  approximately  I  80  pounds.  The  Mk  68 
telescope  is  essentially  a  mirror  image  of  the  Mk 
67,  The  optical  system  is  shown  in  figure  1 1-8. 
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Three  of  these  instruments  are  found  in  a  5 
inch-38  twin  mount,  one  each  for  the  pointer 
•nd  checker  (Mk  67),  and  one  for  the  trainer 
(Mk  68). . 

The  line  of  sight,  controlled  by  suitable 
shafts  and  geara,  is  movable  from  +85°  to  -15**  in 
elevation,  with  maximum  «Jeflcction  of  20°  left 
or  right. 

Various  cov^r  plates  and  windows,  sealed  by 
flat  gaskets,  allow  access  to  the  optiail  and 
mechanical  components  disassembly  and 
adjustment.  It  is  very  importanflhat  you  use 
scribe  lines  and  punch  marks  (bench  marks) 
during  disassembly  and  reassembly  of  the  Mk  67 
and  Mk  68  telescopes. 

The  crossline  and  rear  erector  are  mounted 
in.  an  inner  optical  tube  which  is  secured  in  the 
outer  optical  tube.  The  objective  lens  is  threaded 
into  the  outer  end  of  the  outer  optical  tube.  The 
rear  erector  is  seared  in  a  mount  threaded  into 
the  body  casting^Notice  that  the  filter  assembly 
is  located  between  the  erecting  lenses; 
consequently,  no  clear  compensator  is  neces^ry. 

Collimation  of  a  gunsight  mu^f  be  viry 
accurate  for  obvious  reasons.  Accuracy  is 
possible  only  if  you  properly  adjust  the  Mk  9 
collimator  and  follow  the  collimation  steps 
outlined  in  OP  582  in  sequence. 

There  is  nq  tolerance  for  parallax.  4)eflection 
backlash  must  be  held  to  30"  and  elevation 
backlash  must  be  no  more  than  1'.  The  line  of 
sight,  in  full  left  or  right  deflection,  must  be  in  a 
horizontal  plane  within  2'  (vertical  separation  of. 
the  horizontal  crosslines).  Elevation  of  the  line 
of  sight  can  vary  from  a  true  vertical  plane  by  no  ' 
more  than  2'  at  90°  (horizontal  separation  of 
the  vertical  crosslines). 

NOTE:  Horizontal  or  vertical  displacement 
is  determined  by  comparing  the  telescope 
crossline  with  the  collimator  crossline.  Any 
variation  from  perfect  superimposition  is 
displacement. 

MK  97  TELESCOPE  ^ 

The  Mk  97  is  the  first  of  a  line  of  roughly 
similar  director-mounted  si^ts.  Although  it  is 
much  smaller  than  the  Mk  67  or  Mk  68,  it 
weighs  190  pounds.  The  Mk  97  is  an  8X 
terrcstriai    binocular   with   a    front   surfacp  - 


aluminized  mirror  .which. provides  elevation , of 
the  line  of  sighl  from  -23  to  +95°.  A  reticle, 
consisting  of  two  concentric  circles,  is  located  in 
the  right  eyepiece  system  (internal-focusing). 

Tlie  optical  system  (fig.  11-9)  is  somewhat 
unusual,  especially  the  shape  of  the  roof  prisons, 
but  easy  to  understand.  You  can  rotate  the  left 
rhomboid  prism  and  eyepiece  assembly  for 
.  interpupillary  adjustment. 

Figure  11-10  shows  an  exploded  view  of 
-   mjuor  components  of  the  Mk  97  telescope.  The 
.  mirror  tilt  drive  assembly  is  very  precise  for  such 
a  bulky  looking  instnnnent;  one  degree  of  input 
shaft  rotation  must  move  the  mirror. 

Reference  surfaces  for  collimation  of  the  Mk 
97  consist  of  the  bottom  surfaces  of  the 
mounting  feet  and  the  left  vertical  edges  of  the 
left  mounting  feet.  Once  you  have  mounted  the 
collimator  fixture  on  the  Mk  9  collimator  and 
adjusted  the  collimator,  all  other  adjustments 
you  make  are  made  to  these  surfaces.  Needless 
to  say,  you  must  handle  the  instruments 
carefully  to  avoid  marring  the  mounting  feet, 

Collimation  of  Mk  97 

Collimation  of  the  Mk  97  telescope  consists' 
of  leveling  the  mirror,  setting  zero  diopters,  and 
adjusting  the  objective  eccentrics  to  align  both 
lines  of  sight  with  the  collimator. 

To  level  the  mirror,  install  the  mirror  tilt"- 
drive  assembly  and  the  mirror  in  the  telescope  • 
body.  Then  clean  the  mounting  feet  and  set  the 
telescope  on  a  large  surface  plate.  Use  a  surface 
gage  and  sensitive  dial  indicator  (.OdOl-inch 
graduations)  to  establish  parallelism  between  the 
surface  plate  and  mirror.  NOTE:  Since  this 
.  mirror  is  front-surface  aluminized,  use  extreme 
caution  when  cleaning  and  leveling.  The  dial 
indicator  should  contact  the  mirror  only  at  the 
extrenre,  edges. 

Operate  the  mirror  .tilt  drive  input  shaft  to 
establish  parallelism  between  the  surface  plate 
and  front-rear  mirror  surfaces.  If  you  note  any 
error  between  the  left^right  surfaces,  you  must 
carefully  scrape  the  mirror  mount  to  eliminate 
the  error.  The  tolerance  for  mirror  parallelism  is 
0.00075  inch. 
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of  siglit  can  be  made  to  correspond  with  the 
IQX.  jine  of  sight.  The  front  auxiliary  objectives 
are  in  threaded  cells  for  focus  adjustment. 


Complete  procedures  for  overhaul, 
collimatipn,  and  sealing/drying  of  the  Mk  97 
telescopic  found  in  OP  1857. 

MK  100  TELESCOPE 


The  Mk  100  tefescope  is  similar  to  the  Mk 
97»  except  that^it  has  a  change  of  magnification 
feature  (6X  and  I  OX).  In  the  lOX  position, 
shown  in  figure  11-11,- the  auxiliary  lenses  are 
out  of  the  line  of  sight.  Whe'n  the  auxiliary, 
lenses  are  in  the  line  path,  overall  magnification 
is  reduced  to  6X. . 

'NOTE:  The  rear  and  middle  auxiliary 
objectives  are  eccentric-mounted  so  the  6X  line 


For  more  detailed  inforq^at)on  on  the  Mk 
100  telescope,  refer  to  OP  19^9. 

MK1Q2  ANDMK116 
TELESCOPES 

You  may  have  thought,  that  just  when  you 
^have  things  figured  out,  we  throw  something 
neW'  into  the  game.  Thp  Mk  116  and  various 
Mods  of  the  Mk  102  fall  into  this  category. 
These  8X,  single-eyepiece  sights  are  located  ori  v 
sin^il!,  rapid-fire  gun  mounts.  Depending  on  the 
gun  jnount  and  fire  control  systeifi  involved* 
on§  or  two  sights  could  be  used. 

4iv  these  sights,  elevation  (from  -20**  to  +85**) 
and  deflection  (30**  left  or  right)  of  the  line  of 
^igfCJ'Js  controlled  by  a  synchroservo  mechanism 
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Figurt  11  ll.-Mk  100  tdticopt,  optioal  ichwnatto. 


led  by  signals^from  tlu?  gun  director.  There  is  no 
mechanical  connection  between  the  gun  position 
and  the  Hne  of  sight,  hi  an  emergency,  or  when 
desired,  the  gun  mount  can  be  locally  controlled 
electrically. 


An  explanation  of  synchroservo  functiort  is 
available  in  Chapter  6,  Opticalman  I  AC, 
NAVTRA  10206-series, 

The  optical  system  of  the  Mk  116  and  Mk 
102  Mods  5  and  6  is  shown  in  figure  fM2,  The 
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optical  system  ot  the  Mk  102  Mod  3  is  shown  in 
figure  1 1-13.  Tliese  telescopes  pcrfonn  the  same 
Ainction,  but  the  optical  system  is  quite 
different.  For  more  data  on  the  Mk  102  Mod  3, 
consult  OP  1858. 

Functionally,  the  Mk  102  Mods  5  and  6  and 
the  Mk  1 16  are  interchangeable,  You  will  notice 
some  mechanical  and  electrical  differences  when 
overluuiliiui:  thestLinstmnierits. 

Figure  11-14  shows  a  cutaway  view  of  a 
representative  telescope.  TTie  optical  chamber 
and  st?Vvo  chaniber  are  separated  by  an  airtiglit 
bulkhead,  with  suitable  penetration  provided  for 
elevation  and  traverse  shafts.  The  optical 
chamber  is  sealed  and  pressurized  with  nitrogen; 
the  servo  chamber  is  sealed  but  not  charged. 
This  arrangement  allows  access  to  the  servo 
chamber  for  adjustment  and  replacement  of 
components,  without  disturbing  the  seal  of  the 
more  durable  optical  system.  As  with  the  Mk  97 
telescope,  mounting  surfaces  machined  on  the 
body  of  these  telescopes  establish  reference 
surfaces  for  optical  and  mechanical  adjustments. 


Although    you    follow    a  prescribed 
colllmatlon  procedure  during  overhaul,  you  can 
make  minor  adjustment  to  the  line  of  sight  on 
the  gun  mount,  using  the  autocollimator  (fie 
11-15). 

Each  telescope  has  an  autocollimator, 
located  on  the  inside  of  the  servo  chamber 
cover.  n»e  autocollimator  consists  of  a 
front-surfiiee  filunfrinizcd  mirror  and  msiiitirbly 
shaped  mount,  which  fits  over  the  optical 
chamber  window. 

To  use  the  autocollimator,  attach  it  to  the 
telescope,  energize  the  telescope,  and  turn  on 
the  reticle  illumination. 

♦  ^ 

NOTE:  It  may  be  necessary  to  cover  the 
telescope  with  a  dark  cloth  to  exclude  bright 
light 

When  you  look  into  the  telescope  eyepiece, 
you  will  see  the  Illuminated  reticle  and  a 
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Figure  11  15. -Rear  cover,  intid*  view. 


renectcd  image  of  the  reticle  which  was 
trunsmittod  through  the  optical  system,  to  the 
autocollimator,  and  back. 

If  the  reflected  image  is  superimposed  on  the 
reticle,  there  is  no  problem.  If  the  reflected 
biiage  is  slightly  displaced  in  any  direction,  you 
will  need  to  adjust  the  clevatioji  or  traverse  (or 
both)  mechanism  to  establisli  coincidence. 

Cojn^lilele  coverage  of  technical  <lata 
concerning  the  Mk  102  Mods  2,  5,  and  6  and  the 
Mk  116  can  be  found  in  one  or  more  of  the 
following  publications:  OP  1858,  OP  3651,  and 
OP  4230.  - 

Tliese  OP's  arc  updated  periodically,  and  the 
trend  seems  to  be  to  change  the  number  of  the 
OP.  Even  though  the  information  contained  in 
the  older  OP  may  be  valid,  you  should  always 
try  to  use  the  most  recent  edition. 
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SUBMARINE  PERISCOPES 


Silwc  the  first*  attem{\ts  to  ^uikl  Und  operate 
uiularwatcr  craft,  there  hiVbecn  a  need  for  the 
ocaipant(s)  to  have  someXway  to  see  out  of 
these  watertight  vessels,  vurious  names  have 
been  used  for  the  devices,  b\t  we  will  use  the 
term  ^^periscope"  in  this  manui 

The  first  periscope,  developWl  in  1854,  was 
nothing  more  than  a.  pipe  with  mirrors  at  eaqh 
end  to  allow  thc^operator  to  see  out.  As  the 
science  of  optics  became  more  exact  and  the 
technical  im  ans  to  produce  precisiomlenses  were 
developed,  periscopes  became  more 
sophisticated.  By  the  time  of  the  first  world  war, 
periscopes  were  quite  efficient,  and  during  the 
I930's  some  real  progress  was  realized.  Tliese 
periscopes  contained  a  split  image  rangefinder 
and  a  change  of^power  mechanism. \J^adVr  was 
added  a  few  ycar^  later. 

In  1958,  Communications  antennas  \  and 
several  improved-  radar  antennas  were  added, 
along  with  a  /^ynchroservo  mechanism  wmch 
allowed  the  t)eriscope  to  be  used  for  asrral 
navigation  Jike  a  sextant.  Nowadays/ it  \is 
difficult  to  keep  up  with  the  electronic  miracles 
being  add^d  to  periscopes. 


THEORY  AND  DESIGN 


Basically,  the  periscope  is  a  tube  with 
reflectin)^  elements  at  the  top  and  bottom  to 
raise  th^  observer*s  line  of  sight,  But  the  actual 
design  is  not  that  simple.  The  periscope  designer 
must  solve  several  special  problems  ^brought 
about  by  the  design  of  other  optical 
instruments.    Compromises    must    be  matle 


between  conflicting  requirements.  Here  are  some 
of  the  problems: 

First  of  all,  the  periscope  has  to  be  relatively 
long,  as  ymi  can  see  in  figure  12-1,  It  must  be 
long  enough  to  rise  above  the  surface  while  the 
submarine  is  still  far  enough  below  to  be 
invisible  to  surface  craft.  Optical  lengths  of 
periscope^  run  from  36  to  43  fe^t. 

Another  important  requirement  is  that  the 
upper  head  section--the  part  that  sticks  out  of 
the  water-be  as  slender  as  possible  to  escape 
detection  by  the  enemy  and  to  create  a 
minimum  wake.  The  wake  of  the  periscope,  if 
seen  by  the  en^my,  would  not  only  reveal  the 
submarine's  presence,  but  lalso  wbuld  indicate  its 
course.  The  main  outer  tube  must  also  be  of 
sufficient  size  to  contain  t|ie  optics  and  inner, 
tube  sections.  Our  periscopes  are  7:5  inches  in 
diameter  with  a  wall  thickness  of  1/2  inch. 

.  When  the  periscope  is  not  in  use,  it  is 
lowered  for  protection  into  a  well  (fig.  12-1). 
But  when  the  submarine  is  maneuvering  into 
attack  position,  it  will  use  the  periscope  .fully 
raised,  while  underway  submerged.  The 
periscope,  despite  its  slender  construction,  must 
be  rigid  enough  to  resist  the  bending  effect  of 
the  water  pressure  that  results  from  its  own 
drag,  and  the  optical  system  must  be  designed  so 
the  bending  effect  will  not  distort  or  displace 
the  target  image. 

Another  requirement  is  that  the  periscope 
have  soitje  means  for  sweeping  through  360^  and 
tor  elevating  the  line  of  sight  to  check  fot 
aircraft.  With  a  modem  periscope,  the  submarine 
captain  sweeps  the  horizon /by  rotating  the 
entire  instrument,  Elevatipi/is  provided  by  a 
movable  right^angle  prisniinthe  h6ad  section/ 
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Wfuit  12-1.--Vtrtic«l  Motion  through  •  tubmarint.  wtth 
ptris^ofM  •lavattd. 

Since  the  periscope  must  be  raised,  Ipwered, 
and  rotated,  it  must  pdss  throujh  an  opening  in 
th«  hull.  The  design  and  packing  bf  that  opening 
creates  another  serious  probler^.  The  padKing 
must  admit  no  water  into  the/submarine,  eVen 
under  tremendous  pressures',  ^et  it  must  all^w 
the  periscope  to  be  freely  raised,  lowered,  aiid 
rotated  within  it.  \ 

The  periscope  itself  must  be  completely\ 
waterproof;  The  head  window  and  its  bezel  and 


the  joint  by  wliich  the  head  is  secured  to  the,;, 
upper  part  of  the  tubfe  arc  in  direct  contact  with' 
the  sea,      the  possibility  of  leakage  through 
them  must  be  zero.  Since  the  submarine  is  so 
dependent  on  its  periscope,  the  internal  optical# 
surface  must  not  fog  up.  A  pressure  of  7  1/2  psi 
of  dry  nitrogen  in  the  periscope  maintains  a 
fog-free  condition. 

The  problems  we  have  listed  so  far  have  been 
mainly— mechanicals  But  th^re  — are-^li:|I- 
problems,  too.  The  optical  system  must  present 
a  normal,  erect  image,  bright  enough  to  be 
useful.  The  field  of  view  must  be  reasonably 
wide  so  the  observer  can  find  the  target  quickly. 
There  must  also  be  some  means  to  determine  the 
to  a  target. 

^frhe  problem  of  image  orientation  is  not  too 
difficult.  Since  we  need  a  prism  at  each  end  of 
tlie  optical  system  to  see  out,  one  prism  invert» 
and  the  other  reverts.  Then'l?y  using  a  suitable 
combination  of  terrestrial  tthd  astronomical 
telescope  systems  in  the  periscope,  the  final 
image  will  be  normal  and  erect.  . 

Obtaining  a  suitable  field  of  view  is  a  mtyor 
problem,  especially  when  you  consider  the 
desired  length  of  a  periscope  in  relation  to  the 
entrance  pupil  which'  is  usually  only  several 
inches  wide.  This  obstacle  was  overcome  by 
placing  an  upper  astronomical  telescope  in  the 
system  backward  with  a  lower  telescope  in  the 
normal  position.  (Objective  toward  the  target.) 

Suppose  the  power  of  the  upper  telescope  is 
4X,  but  the  telescope  is  backward.  Its  actual 
power  is  1/4X.  If  an  8"  cone  of  light  were  able 
to  enter  the  upper  telescope,  the  8®  field  would 


to  2    by  the  reversed  telescope 


be  reduced 

(niag  -^^^)'  A  2"  cone  of  light  cah  pass  through 

the  periscope  tube  for  ^a'  considerable 
distance -approximately  12  feet.  The  objective 
of  the  lower  telescope  must  ^e  placed  to  take 
advantage  of  this  cone  of  light  if  the  light 
transmission  of  the  periscope  is  to  be  effective. 

If^the  power  of  the  lower  telescope  is  24X, 
the  2**  true^field  becomes  a  48°  apparent  field 

(24X„  -  -^).  Now  to  determine  the  overall 

power  of  the  periscope,  comlbine  the 
magnification  of  the  upper  and  lower  telescopes. 


1/4X  •  24X««6X 
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The  iKTisi:opc  has  fairly  good  magnification 
(6X)and  a  reasonably  true  field  (8^). 

'ttie  Icngtiv  of  a  |)criscope  is  usually  figured 
as  three  times  the  distance  between  the  upper 
and  lower  telescope  objectives  ( 1 2  feet): 

I  2  X  3  =  36  feet 

Thirty  feet  is  an  impressive  length  for  an  optical 
insttiunervt.  btrt  for  atvirttacfc  periscope  it  sliould 
be  a  litUe  longer  to  give  the  submarine  a  better 
margin  of  sdfety.  Qne  v^^ay  to  increase  length  is 
to  increase  the  power  reduction  of  the  upper 
telescope,  thereby  reducing  the  true  field  so  it 
can  pass  through  the  tube  for  a  greater  distance. 
This  ^  was  not  considered  practical  because  of 
several  other  design  considerations:  (1)  the  head 
section  of  the  periscope  must  be  very  small;  and 
(2)  there  must  be  sortie  means  to  determine 
target  range.  Both,  problems  were  solved  by 
adding  two  more  astronomical  telescopes  above 
the  upper  telescope 

Those  two  teles^pes  were  small  in  diameter 
(about  I  inch)  and  were  I  X.  (In  a  IX  telescope, 
the  objective  and  eyepiece  focal  lengths  are  the 
same,  and  they  have  no  effect  90  the  true  field 
of  the  periscope.)  A  crossline  was  placed  in  the 
upper  auxiliary  telescope  to  assist  with  ranging. 


NOTE:  In  a  periscope,  the  crossline  lens  is  called 
a  telemeter,  Uncs 'are  etched  on  the  telemeter 
with  'a  known  angular  separation  so  ranges  can 
be  estimated. 

Now  we  have  a  periscope  about  42  feet  long, 
with  a  telemeter  q^nd  a  small  head  sectiorf.  With 
the  telemeter  placed  in  the  upper  auxiliary 
telescope,  even  thougli  the  tube  vibrates  when 
the  submarine  is  moving,  the  target  image  and 
telemeter  will  move  in^  unison .  -   

We're  not  finished  yet.  Range  estimation 
using  a  telemeter  is  fine  if  either  the  target  or 
observer  is  reasoi\ably  stationary  and  if  there  is^ 
plenty^bf  ammunition.  A  submarine  can  carry 
only  a  Hmited  number  of  torpedps,  and  the 
submarine  and  target  are  usually  moving  at 
angles  to  each  other.  Each  shot  must  count. 

The  accurate  ranging  problem  was  solved  by 
splitting  the  objective  of  Ifhe  lower  main 
telescope  vertically  so  both  halves  would  move 
equally  in  opposite  directions.  The  observer  now 
has  two  images  of  the  same  object.  Figure  12-2 
shows  the  optical  principal  involved. 

The  ranging  ^nechanisni  of  a  periscope  is 
called  a  stadimeter./ It  is  attached  to  the  bottom 
of  the  scope  and  consists  of-a  range  dial,  heiglit 
scale,  and  suitable  gearing  to  drive  the  range  dial 
and  split  lens  gear.  To  take  a  range,  set  the. 


INTEROBJEaiVE  CENTRAL  PUPIL  CONVERGES  AT  C 
TO  FORM  IMAGE  OF  CENTER  OF  TRUE  FIELD. 


HATCHED  AREAS  SHOW  THE  PORTIONS  OF  THE  INTEROBJEaiVE  PUPIL  WHICH  ARE 
PICKED  UP  BY  THE  OBjteTlVE  HALVES  TO  FORM  IMAGES  OF  THE  CENTER  OF  flElD 
AT  Ca  AND  C» 
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height  of  the  target. (watcrHne  to  masthead)  on 
the  height  scale,  then  operate  the  stadimeter 
drive  to  split  the  target  image.  When"  the 
masthead  of  one  image  is  displaced  to  the 
waterhne  of  the  other  image,  read  tije  target 
range  opposite  the  heiglit  scale  pointer.^, 

As  you  recall  from  the  beginning  of  this 
section,  the  main  portion  of  the  outer  ljube  of  a 
periscope  is  7  1/2  inches  in  diameter.  Taking 
into  _aycQunt_the  tubeJliickness and-the  need  for 


inner  tube  sections  to  hold  the  optics,  the 
diameter  of  the  upper  objective  is  about  5  1/2 
inches.  Since  the  lower  objective  is  split  and 
must  move  in  opposite  directions  to  provide 
ranging,  the  lens  can  be  only  about  4  inches  in 
diameter.  Some  liglit  is  lost  as  a  result,  but  you 
still  have  a  reasonably  bright  image. 

The  designer  has  one  more  small  problem  to 
solve;  namely,  the  addition  of  a  change  of  power 
mechanism.  This  is  gained  by  adding  a  Galilean 
telescope  above  upper  auxiliary  telescope. 
This  Galilean  telescope  is  4X,  but,  when  it  is  in 
the  line  of  sight,  it  is  backwards.  In  high  power 
(6X)  the  Galilean  is  out  of  the  line  of  liglit. 
When  rotated  into  the  line  of  sight,  the  overall 
power  of  the  periscope  becomes 

1/4X6=1.5X 

which  also  provides  a  true  field  of  32°  in  the  low 
power  position. 

Our  submarine^  now  has  a  long  attack 
periscope  with  a  #ry  small  head  section,  art 
accurate  range  mechanism,  and  a  choice  of  1 .5X 
or  6X.  Low  power  is  always  used  to  quickly  scan 
the  horizon  and  air  space  above,  while'^high 
power  is  used  to  make  the  attack. 

Another  factor  of  periscope  design  and 
theory  which  affects  the  repairman,  and 
contributed  to  designer  headaches.  Is  that  a 
periscope  is  charged  with  nitrogen.  Nitrogen  has 
a  different  index  6f  refraction  than  ,  air; 
consequently,  light  comes  to  a  focus  further 
from  a  lens  when  it  is  in  a  nitrogen  atmosphere. 

To  fix  a  periscope,  you  have  to  take  it.apart. 
Before  you  take  it  apart,  you, have"  to  release 
nitrogen  pressure.  When  you  reassemble  and 
H  collimate  a  periscope  it  is  done  in  air,  not 
nitrogen.  Therefore,  you  must:  make  all 
collimation  adjustments  carefully  on  suitable 
targets   so    the    completed    instrument  will 


perform,  as  designed,  when  it  is  charged  to 
service  prcssfure. 

If  you  think  the  problems  in  periscope 
theory  and  design  are  hard  to  understand,  just 
-  imagine  how  difficult  it,  was  for  engineers  to 
perform  all  th6  necessary  optical  calculations  to 
come  up  with  a  compatible  optical  system 
composed  of  five  telescopes.  This  was  done  in 
the  1920's  without  the  aid  of  computers.  Except 
f or-  the  theorettcal-probleniTinvDlved,  periscopes 
in  . use  since  1958  bear  no  resemblance  to  the 
design  explained  in  the  preceding  paragraphs. 

Tlie  optical  system  comjnon  to  modern 
periscopes  (fig.  12-3)  is  a  general  purpose 
periscope  with  no  ranging  mechanism.  Attack 
periscopes  use'  the  same  optical  arrangement 
except  for  a  different  mounting  for  the  5  th 
erector  and  the  absence  of  a  sun  filter.  NOTE: 
Modem  attack  periscopes  use  a  solid  lens  and 
split  lens  mounted- in  a  cube  so  the  split  lens  can 
be  rotated  in  or  out  Of  the  line  of  sight  when 
needed.  ' 

.  Instead  of  using  either  three  or  five 
telescopes  to  transmit  liglit  and  provide  arf  erect 
image,  modem  design  uses  a  series  of  optical 
relays  composed  of  erectors  «jd  collectors. 
Parallel  light  passes  between  the  erectors,  and 
the  collectors  control  aberrations  and  focus 
available'  light  to  the  various  image  planes  or 
erectors.  By  varying  the  separation  between 
erectors,  a  periscope  of  any  desired  length  oan 
be  produced. 

These  periscopes '  still  use  a  Galilean 
telescppe  for  change  of  power  .(1.5X  and  6X), 
but  this  new  design  will  not  adapt  to  the  very 
smaM  head  sections  required  for  older 
peri^opes.  Since  submarines  are  much  faster 
than  before '  and  weapons  systems  are  more 
accurate,  the  ^all  head  section  is  no  longer 
nece^ary. 

The  6th  erector,  shown  in  alternate  position 
in  figure  12-3,  has  a  dual  purpose.  It  cafi  be 
moved  along  the  optical  axis  approximately  'lO 
inches.  In  .  the  upper  position,  shown  "by  solid 
lines,  it  is  moved  up»^  down  sliglitly  to'focus 
the  periscope.  When  IJmtographs  ;are  taken  - 
through  a  periscope,  the^piece  is  removed 
and  the  6th  erector  is  ^ moved  down  to  the 
camera  position,  shown,  by  dash  lines.  This 
moves  the  image  plane  outside,  the  periscope  to  . 
correspond  with  the  filnv^lane  of  a  camera- 
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PERISCOPE  IDENTIFICATION 

Periscopes  arc  not  identified  by  Mark  ahd 
Mad  as  other  optical  instruments.  They,  all  have 
individual  serial  numbers  (called  registry 
ni^mbers).  but  mjyor  identification  between 
different  types  is  by  a  Design  Designation  as 
shown  below. 

;13I  KN  36%r^23KA43.3/HA 

The  first  set  of  numbers  (121  or  123)  is  an 
identifying  number  pertaining  to  the  type  of 
periscope  (121  =  8B,  123  2D).  The  first  letter 
(K)  refers  to  the  manufacturer,  in  this  case 
Kollniorgen.  The  second  letter  designates  the  use 
of  the  periscope  (N  for  night  or  observation,  A 
for  attack  use).  Hie  second  set  of  numbers  (36 
or  43.3)  refers  to  the  optical  length  of  the 
.system.  HA  in  the  Type  2D  design  designation 
means  high  angle  (with  the  periscope  in  low 
power,  at  the  edge  of  the  field  you  can  see 
directly,  above  you). 

The  periscopes  you  will  encounter  are  as 
follows: 


8B 
8C 
8D 
I5B 
I5D 
18B 
I8D 

2D 
2E 
2F 


Observation  periscopes 
(radal,  ECM,  communications 
antennas) 


Attack,  periscopes 
(with  stadimeter) 


AlV^ubmarines  use  two  periscopes,  one  for 
general  observation  or  night  use  and  the  othef 
for  attack  purposes.  They  may  be  mounted  fore 
arfd  aft  or  side  by  side,  depending  on  the  class  of 
submarine.  The  number  one  periscope  (usually 
the  attack  scope)  is  either  flearer  the  bow  or  on 
the  starboard  side..  The  number  two  scope 
(observation)  is  second  in  line  or  on  the  port 
side. 


PERISCOPE  HANDLING 

As  an  Opticalman,  you  will  bji  responsible 
for  preparing  periscopes  for  removal,  pulling 


.  J  .  

them  from  the  submarine,  transporting  them  to 
your  shop,  performing  necessary  repairs, 
returning  them  to  the  submarine,  and  installing 
and  hooking  them  up.  Considering  ^ that  a 
periscope  is  a  2,000-pound,  40-foot  long, 
greased  pole  that  costs  anywhere  from  90 
thousand  to  half  a.million  dollars,  that  is  a  lot  of 
responsibility,  and  a  challenging  job.  This 
section  will  discuss  the  correct  methods  in 
liandltng  periscopes. 

Before  getting  into  any  detail,  look  at  figures 
12-4  and  12-5  to  btcome  familiar  with  some 
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cluiractoristics'  ol  attack  mul  goneriil  purpose 
periscopes. 

Before  pulling  a  periscope  from  a  submarine, 
remove  all  fittings  or  accessories  whicli  pfoject 
iKyoiul  the  7  l/2Mnch  diameter  of  the  outer 
tube.  While  you  are  doing  this,  tools,  cap  screws, 
and  even  the  fittings  tlieinselves.  tend  to  jump 
out  of  your  hands  and  head  for  tlie  periscope 
well.  You  do  not  want  that  to  happen.  People 
will  yvrll  at  you.  you  will  be  embarrassed,  and 
even  worse,  you  must  retrieve  the  lost  pieces. 

The  weight  of  it  periscope  is  supported  by  a 
hydraulic  system  and  hoisting  yoke  similar  to, 
that  shown  in  figure  12-6.  (The  hoisting  yoke  is' 
shown  in  position  in  figure  I  2-5.)  Types  21),  2i;. 
and  2V  periscopes  use  a  larger  yoke  which  has  a 
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meclianism  tliat  trunsniits  target  bearing 
information  as  the  periscope  is  trained.  The 
yoke  is  basically  a  housing  for  a  bearing  and  race 
assenibly  (1.2.  3).  Split  rings  (4)  tit  in  a  .s|>lit 
ring  groove  in  the  outer  tube.  (See  fig.  12-4.)  A 
shoulder  in  the  upper  race  fits  tightly  around  the 
split  rings^  holds  them  around  the  scope,  and.  in 
conjunction  witif  the  yoke  and  lower  race,  holds 
the  scope  up.  A  cover  (5)  screws  into  the  to4)  of 
the  yoke  to  lock  in  the  assenVbfy.  NOTt£:  You 
news  a  special  wrench  to  install  or  remove  the 
yoke  cover.  Notice  the  setscrew  (6).  Always 
check  for  setscrews. 

The  hydraulic  rods  (7)  are  .secured  in 
eccentric  bracket  connectors  (8)  which  are 
locked  into  the  yoke  (9).  The  bracket 
connectors  are  eccentric  to  allow  for  minor 
variations  in  the  separation  of  hydraulic 
cylinders  installed  in  some  submarines. 

Although  it  is  not  shown  in  any  of  the 
illustrations  in  this  section,  some  submarines 
have  a  streamhned  casing  which  surrounds  the 
periscope  to  reduce  drag  when  the  scope  is 
raised.  This  wing  shaped  casing  is  called  a 
FAIRING. 

Fairings  are  approximately  12  to  15  feet 
longhand  they  can  either  be  attached  to  the 
periscope  (dependent)  or  raised  and  lowered 
separately  (independent).  Inside  both  types  are 
cylindrical  bearings  to  prevent 'rattling.  Tellon 
bearing  blocks  fore  and  aft,  located  at  various 
points  in  the  sail,  cushion  the  fairing  externally. 
The  bearing  blocks  allow  the  fairing  to  be  raised 
and  lowered  quietly  ami  still  take  the  full  force 
♦of  water  pressure  whei^  the  scope  and  fairing  are 
raised  while  un<»lerway  submerged. 

Independent  fairings  will  not  usually  causfe 
you  aiw  difficulties.  Dependent  fairings,  since 
they  ail  secured  to  a  scope,  take  special 
handling  when  you  remove  or  replace  a  scope. 

PERISCOPE  REMOVAL 

All  operations  dealing  with  the  removal  or 
in.stallation  of  peri«5'copes  must  be  done  in  a 
sheltered  harbor.  Movement  ,of  the  submarine, 
while  a  periscope  is  p;j[rtially  supported  l^y  the 
steady  bearings  in  the  sail,  :^an  cause  severe 
damage  to  both  the  scope  and  the  submarine.  If 
a  tender  is  doing  the  job.  the  sub  can  sometimes 
be  moved  to  the  lee  side.  If  it  is  not  possible  to 
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olTor  protej;tion  in  this  inluincr,  tho  job  may 
►  have  to  wait  for  more  tavorablc  coiulitions. 
However;  many  times  it  is  absohitely  necessary 
to  pull  or  install  a  scope  regardless  of  wind  or 
wiiter  conditions.  WIrmi  this  situation  comes  up, 
a  very  ex(>erienced  man  must  be  in  charge. 

You  must  follow  tlie  sequence  of  events 
listed  below  when  removing  a  periscope: 

•  Notify  tlie  submarine  duty  otficer  tliat 
you  are  ^going  to  pull  the  scope.  When  a 
periscope  is  removed,  there  is  a  7  1/2-inch  hole 
in  the  hull,  putting  the  siib^^uirine  out  of 
commission  until  the  hole  is  filled.  Also»  tlie 
hydraulic  power  may  be  temporarily  secured. 
Thc^  duty  otficer  will  take  steps  Vp  provide 
hydraulics  so  the  scope  can  be  raised  and  will 
solve  any  other  problems  hindering  your  scope 
job. 

•  Be  siire  the  ^ail  area  is  clear  before 
raising  the  scope;  you  do  not  want  to  startle  or 
injure  anyone.  Cycle  ttie  scope  up  and  down 
several  times  to  vbe  sure  the  hydraulic  system  is 
lunctioning,smoothly ;  then  stop  the  scope-in  the 
observing  position. 

NOTt:  ^ulling  a  scope  is  usually  a  two-  or 
three-person  job;  therefore,  several  of  the 
following  steps  can  be  performed  af/the  same 
time.  One  or  two  people  cari  be  on  the  sail 
clamping  the  scope,  while  one  or  two  more  are 
in  the  control  room  stripping  external  fittings 
from  the  scope.  Teamwork  and  c#mmunication 
between  the  sail  and  control  room  ar^  essential 
to^  pre vetrt^.effers  Or  omissions. 

CAUTION:  You  must  wear  an  approved 
safety  harness  whenever  you  do  any  work  ^on 
top  of  the  sail.  Attach  the  short,  heavy  line  on 
the  harness  to  any  convenient  permanent  fixture 
on  the  sail  to  keep  you  from  falling. 

»  •  With  the  periscope  In  the  observing 
position,  enough  outer  tube  ex'tends  above  the 
sail  to  provide  a,  suitable  area  for  clamping.  In 
any  event  the  hoisting  clamps  should  be  18 
inches  or  more  from  the  tapered  portion  of  the 
outer  tube.  Qean  all  traces  of.grease  or  foreign 
matter  from  tlie  outer  tube  in  the  area  to  be 
clamped.  Place  two  sheets  of  150  or  180  grit 


emery  v'oth  arotuul  the  scope,  smooth  side 
toward  the  tube, 

Figure  12-7  helps  to  explain  the  next  step. 
Securely  bolt  a  forged  steel  'hoisting  clamp  (I) 
and  two  safety  clamps  (2)  above  it.to  the  scope. 
See  figunt  12-7.  Place  the  first  safety  clamp  at  a 
45^  angle  to  the  split  of  the  hoisting  clamp,  and 
pkce  the  aecoiid  saltty  jL^lamp  QO^  ta  thaXirst. 
Attach  the  slings  (3)  to  a  spreader  (4)  and  the 
hoisting  clamp  with  sturdy  shackles. 

All  equipment  used  in  handling  periscopes 
(shackles,  slings,  clamps,  etc)  must  be  regularly 
inspected  nnxi  weight  tested  to  verify  safety  and 
condition.  After  inspection,  it  is  tagged  to 
certify    that    it   passed    test   and  inspection. 
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NHVI-R  use  ix'riscope  hiitulling  gear  that  does 
not  luivo  a  cucrcnt  inspection  sticker  and 
NEVHRv attempt  to  use  any  piece  of  handling 
gear  that^yoii  suspect  may  be  defective.  Always 
check  each  piocevof  gear  evei-y  time  you  use  it. 

When  you  have  finished  clamping  the  scope, 
notify  the  control  room.  At  this  time  the 
hyiiraulic  control  can  be  moved  to  the  "lower" 
position  and  Jbc  clamps  will  support  the  weight 
ofthcTfcopc.  . 

On  many  occasions,  you.  will  be  called  upoi\ 
to  clamp  a  poristope  but  not  pull  it,  so  work  can 
be  done  on  associated  components.  You  will  use 
the  same  clamps  and  procedures  but  you  will 
wrap  and  seal  the  clamps  and  about  one  foot  of 
the  scope  above  them  in  plastic  to  prevent  the 
entry  of  moisture.  This  is  done  to  protect  the 
emery  cloth  between  tht  clamps  and  scope. 
When  the  emery"  cloth  is  dry,  it  provides 
excellent,  friction,  but,  let  it  get  wet,  and  the' 
scope  can  slip  through  the  clamps  like  a  greased 
pig. 

•  Removing  external  fittings  from 
periscopes  is  relatively  easy,  just  regismber  not 
to  drop  anything  down  th^  periscope  well.  If  a 
type  S  is  being  pulle<l,  remove  the  stub  antenna 
l?efore  the  scope  is  fuMy  elevated  and  clamped. 
On  general  purpdse  periscopes  (fig.  I  2-5>,"  you. 
must  also  disconnect  the  E&E  juiapter  before 
the  scx^e  is  fully  elevated.  NoJi:  Be  sure  aH 
power  10  the  scope  is  secured  before  removing 
the  i:&H  adapter  electrical  and  antenna 
connections.  E&E  adapters  weigli  from  450  to  ' 
700  pounds,  so  a  sturdy  support  must  be 
provided  to  hold  them  up. 

You  must  relfnove  an  access  cover  from  the 
•  H«&H  adapter  before  you  can  disconnect  the 
various  connectors  between  the  scope  and 
adapter.  Then  remove  the  cap  screws  hojding  the 
adapter  to  a  flange  on  the  bottom  of  the  scope. 
Lastly,  elevate  the  scope  to  the  observing 
position  and  remove  the  E&E  adapter  flange. 

On  all  periscopes,  the  registry  number  (serial 
number)  is  stamped  on  the  focus  jcnpb  and 
training  handles,  and  also  on  the  stadim<;ter  of 
type  2  periscopes.  Tins  is  done,  because  e^ 
periscope  i«  hand  fitted  at  assembly  so  these 
Components  are  not  readily  interchangeable. 


Set  the  riglit  handle  to  low  power,  the  left 
handle  to  zero  elevatijpn,  and  the  focus  knob  to 
+  1.5  diopters  before  removing  them.  Switch  the 
illumination  control  knob  to  "off"  before 
removal.  NOTE:  Dojiot  drop  the  woodruff  key 
when  you  pull  the  illumination  knob  off. 


^•WAKNTNG 


PERISCOPE  HANDLES  HAVE  VERY 
POWERFUL  SPRINGS  WHICH  HOLD 
THEM  UP  WHEN  THE  SCOPE  IS  NOT 
BEING  USED.  THE  HANDLES  ARE 
SWUNG  DOWN  FOR  REMOVAL. 
THEREFORE,  THE  HANDLE 
BRACKETS  ARE  UNDER  ENOUGH 
SPRING  TENSION  TO  BREAK  YOUR 
FINGERS  IF  YOU  HANDLE  THEM 
CARELESSLY. 


To  remove  the  stadimeter  from  type  2 
periscopes,  first  set  the  "in-out"  lever  to  the 
"in"  position  and  turn  the  range  knob  clockwise 
to  the  stop.  Now  the  four  captive  bolts  in  the 
bottom  of  the  stadimeter  can  be  loosened  and 
the  stadimeter  can  be  lowered  slightly  from  the 
scope.  Then  disconnect  the  electrical  connection 
betVeen '  scope  and  stadimetor.  NOTE:  The 
jtadimeter  is  too  heavy  for  one  person  to, 
support  and  remove  bolts  at  the  same  time.  GET 
SOME  HELP.  .  . 

c 

Eyepieces  are  attached  to  periscopes  with 
opposed  spring-loaded  plungers  at  the  top  and 
ball,  detents  at  the  bottom.  To  remove  an 
eyepiece,  simply  pull  the  plunger  knobs  out,  tip 
the  eyepiece  back,  and  pull  it  away  from  the 
scope.  ,  •  . 

Keep  all  external  fittings  from  each 
individual  periscope  separated  from  those  of 
other  scopes.  Tag  each  piece  and  indicate  the  . 
registry  number  of  the  scope  you  removed  it 
from.  It  is  hot  uncommon  to  have  fittings  from 
6  to  10  periscopes  in  the  shop  at  any  one  time. 
Under  such  conditions  parts  cpuld  be 
interchangeidl^wh|ch  could  cause  problems  when 
the  fittings  are  re-initalled. 
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With  all  fittings  off  and  the  scope  resting  on 
tlie  clamps,  remove  the  hoisting  yoke.  (See  fig. 
I2'6).  On  general  purpose  "scopes,  unsqew  the 
yoke  cok»r,  then  slowly  lower  the  yoke  away 
from  the  scope  hydraulically.  The  upper  race 
will  usually  remain  in  place  ami  must  be  tapped 
off  the  split  rings  with'^  fiber  mallet,  Carefully 
pry  the  split  rings  away  from  the  scope,  then 
,  lower  the  yoke  cover  off  the  scope.  The  bearings 

P^^s  "ow  taken  to  the  shop  for  clQaiiiiia 
and  inspection. 

Removing  the  yoke/target  bearing 
transmitter  (TBT)  from  an  attack  scope  is 
similar  to  the  above  procedure  with  the 
following  exception.  A  keywayHi  milled  in  the 
outer  tube  of  the  scope  just  below  the  split  ring 
groove.  A  key  is  inserted  which  drives  the  TBT 
when  the  scope  is  trained.  You  must  remove  this 
key  before  you  lower  the  yoke/TBT  away  from 
the  "scope. 

After  the  hoisting  yoke  is  lowere.d  away 
from  the  scope,  hydraulic  power  to  the  system 
must  be  secured  and  the  controls  must  be  tagged 
to  prevent  operation.  If  the  scope  is  an  attack 
type,  the  yoke  is  usually  secured  level  with  the 
top  of  the  periscope  well.  For  general  purpose 
scopes,  the  yoke  is  either  secured  in  a  raised 
position  or  lowered  to  the  E&E  adapter,  Where 
the  yoke  is.  secured  depends  on  whether  or  not 
the  E&E  adapter  needs  work. 

•  The  scope  is  novicfree  to  be  pulled  from 
th«  submarine.  The  submarine  must  be  on  an 
even  keel  so  the  periscope  will  be  as  nearly 
vertical  as  possible  to  avoid  damage  to  the  scope 
or  steady  bearings  in  the  sail.  Spot  the  crane 
hook  directly  over  the  scope,  with  slings  and 
spreader  attached  as  shown  in  fig.  1 2-7.  As  the 
crane  pulls  the  scope,  one  person  remains  on  the 
sail  to  attach  a  steady  line  around  the  split  ring 
groove  when  the  scope  clears  the  sail.  Someone 
on  the  pier  or  tender  handles  the  other  end  of 
the  steady  line  to  keep  the  scope  from  swinging 
as  the  crane  moves, 

AUXILIARY  HANDUNG  EQUIPMENT 

You  already  know  that  periscopes  are  long, 
hcavy»  aijd  expensive.  You  should  also  know 
that  they  arc  a  precision  instrument  an<i  must  be 
carefully  handled  to  avoid  bumps,  shocks,  or 


ERIC 


bending.  It  takes  u  lot  of  moving  around  to  haul 
j>eri8cope8  between  the  submarine  and  your 
shop  or  from  storage  to  the  submarine. 
Coordination;  training,  and  proper  equipment 
are  necessary . 

At  some  point  in' the  handling  procedure,  a 
periscope  must  be  shifted  from  the  vertical  to  a 
horizontal  position  or  vice  versa.  A  hinge 
carriage,  similar  to  that  In  figure  12-8,  is  used  to 
make_tlus  transition.  The-"  carriage  am  be 
clamped  on  a  scope  when  it  is  in  a  horizontal 
position,  as  shown,  or  as  the  scope  is  lowered 
vertically  toward  the  deck  or  pier.- 

The  bottom  of  the  carriage  is  merely  a 
cushioned  socket  to  protect  tlie  eyeboX.  The 
rigid  frame  has  provision  for  a  split;  hinged 
clamp  which  fits  around  the  scope  at  the  splif ' 
ring  groove.  When  the  clamp  is  tightened  around 
the  scope,  a  split  ring  or  other  suitable  device 
keeps  the  carriage  in  position.  With  the  hoisting 
clamp  attached  and  slings  .  and  spreader  in 
position,  the  scope  can  be  lowered  to  horizontal 
or  raised  to  vertical  by  the ,  crane  witlwut 
damaging  the  eyebox.  ' 

Whenever  a  periscope  is  in  the  horizontal 
position,  it  should  be  resting  on  at  least  two 
V-blocks  located  at  the  quarter  points.  (Quarter 
points  are  1/4  the  length  of  the  periscope  outer 
tube,  measured  from  eacrt  end).  The  V-blocks 
can  be  plain  wood,  padded  metal,  or  special 
wheeled  dollies.  The  blocks  must  be  tall  enough 
so  the  wheels  of  the  hinge  carriage  will  clear  the 
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Figurt  12*8.  HIng*  carriagt  at  horizontal  position. 
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deck  when  the  scope  is  in  the  horizon tul 
position. 

To  move  periscopes  In  or  out  of  the  shop,  or 
storage  boxes,  u  strongback  siiHihir  to  that 
sliown  in  figure  12-9  is  used.  Tlie  strongback  is  a 
rigid  1-beain  approximately  10  feet  long  with 
sturdy  split  clamps  at  each  end.  In  the  figure,^ 
the  strongback  is  shown  attached  to  chain  hoists 
at  each  end.  Normally,  a  single  hoist  or  crane 
hook  is  attached  to  an  eye  in  the  middle  of  the 
«trofigbaek.  Whctt  a  strongbffck:  is  used';  all  oth^i- 
clamps  should  be  removed  and  the  scope  should 
b«  balanced  before  tightening  the  strongback 
clamps. 

If  a  |)eriscope  is  to  be  moved  any  distance 
with  the  strongback.  from  pier  to  tender  for 
instance,  steady  lines. must  be  attached  to  both 
.  ends  of  the  scope  to  control  movement, 

While  on  the  subject  of  handling  periscopes, 
we, must  comment  on  storage  or  shipping  boxes, 
'When  scopes  are  tran.sferred,  or  in  some  cases 
stored,  special  shipphig  containers  are  used. 

Tliese  shipping  containers  are  constructed  of 
heavy  gage  aluminum,  stiffly  braced,  and 
provided  .with  heavy  wooden  skids  oij  the 
bottom.  A  tightly'^sealed  lid,  composed  of  two 
to  four  "interlocking  sections,-  protects  the 
periscope  from  dust  or  moisture.  The  periscope 
rests  on  five  or  six  rubber  padded  semicircular 
brackets  built  i^to-the  box.  A  padded  clamp, 
bolted  to  each  bracket,  prevents  the  scope  from  ' 
bouncing  or  sliding  during  transport. 

Padtfyes  for  lifting  scope  boxes  with  slings 
are  welded  at  the  quarter  points  of  the  boxes. 
Two  -areas  for  using  fork  lifts  are  prominently 
marked  on  the  boxes.  To  prevent  damage  to  the 
boxes  and  periscopes,  never  move  a  shipping 


container  by  any  method  other  than  those 
provided, 

Periscopes  are  often  transported  by  flatbed 
truck.  Since  the  shipping  container  is  longer 
than  most  truck  beds,  the  eyebox  end  of  the 
container  must  be  to  the  front  of  the  truck  to 
allow  the  lighter  taper  section  of  the  scope  to 
hang  over  the  end.  If  the  truck  driver  exercises 
reasonable  care  and  misses  bumps,  the  scope  will 
be  .safe. 

Wlien  a  i>eriscope  is  shipped,  the  design 
designation  and  registry  number  of  the  scope  a^ 
marked  on  the  outside  of  the  box  at  the  eyebok 
end.  Also,  all  external  fittings  for  the  scope  are 
wrapped  and  secured  in  the  box.  (Except  for  the 
adapter  on  general  purpose  periscopes.) 

PERISCOPE  PACKING 

Tlie  method  for  sealing  a  periscope  and  hull  • 
opening  is  shown  in  figure  12-10.  By  using  this 
particular  arrangement,  the  periscope  can  be 
raised,  lowered,  and  trained  while  the  submarine-^ 
Is  submerged -with  little  possibility  of  leakage. 
In  fact.  If  all  components  are  properly  arran-ged 
and  perfectly  aligned,  more  water  will  enter  the 
boat  If  it  is  on  the  surface  in  a  rainstorm  than  if 
it  were  deefily_submerged.  . 

Chevronpacking  is  preformed  (molded^ 
synthetic  rubber  available  in  several  sizes 
(standard  and  oversize  steps).  The  different  §lzes^ 
are  used  to  take  care  of  variations  in  the  inside 
diameter  of  the  hull  casting.  To  provide  the 
necessary  seal,  there  can  be  no  cracks  or  other 
blemishes  anywhere  on  the  surface  of  the 
Individual  rings  of  chevron  packing. 
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Figurt  12-10.— Periscopt  packing  atidmbiy. 


Other  factors  which  atTect  the  seal  of  the 
packing  assembly  are  concentricity  of  the 
packing  rings,  filler  ring,  and  lantern  ring; 
ali|jnment  of  the  lower  steady  bearing  w^th  aH 
other  ^sail  steady  bearings;  and  the  clearance 
between  the  fop  packing  ring  and  the  bottom  of 
the  lower  steady  bearing.  The  clearance  must  be 
between  1/16  inch  and  3/32  inch.  Seawater 
pressure  acting  on  the  top  of  the  top  packing 
ring  througli  this  clearance  compresses  the 
engine  packing  assembly.  The  deeper  you  go,  the 
more  the  pressure;  the  liigfier  the  pressure,  the 
tighter  the  seal.  If  any  of  the  bronze  rings  in  the 
packing  assembly  are  out  of  round,  however, 
high  pre^ure  witl  distort  the  chevron  packi;ig 
and  probably  cause  a  leak.  This  causes  a  wee  bit 


of  panic  in  the  submarine  and  usually  results  in 
an  optical  shop  representative  waiting  on  the 
pier  when  the  boat  returns  to  port. 

When  a  pdriscopc  is  pulled,  the  packing  must 
be  removed  since  the  scope  would  tear  up  the 
assembly  when  it  is  reinstalled.  With  the  scope 
and  packing  removed,  you  have  an  excellent 
opportunity  to  check  alignment  of  the  steady 
bearings  and  the  condition  of  the  hull  casting. 

Many  problems  with  periscope  leakage  or 
difficulty  ^  with  training  are  blamed  on  the 
packing.  The  real  culprit,  however,  is  usually 
misalignment  of  sail  steady  bearings.  The  optical 
shop  usually  performs  tlils  alignment. 

Packing  can  be  removed  with  the  scope  in 
place,  but  this  is  not  the  easiest  job^ln  the  world. 
You  fmve  to  jaise  the  scope  to  tlieobserving 
•position,  clamp  and  strip  it,  then  loosen  and 
carefully  drop  the  hull  gland.  The  metal 
components  of  the  packing  assembly  are  fairly 
tasy  to  remove;  the  chevron  packing  causes  tlie 
problems.  If  it  will  not  slide  out  easily,  you  must 
dig  it  out  with  a  tool  similai^p  a  corkscrew. 


PERISCOPE  INSTALLATION 


Replacing  a  periscope  is  NOT  the  reverse  of 
removing  it.  In  this  description  we  will  skip  all 
the  steps  involved  with  moving  the  scope  out  of 
the  shop  and  on  deck  or  on  the  pier.  The 
equipmertt  used  has  been  explained  in  this 
chapter;  the  methods  to  use  vary  with 
conditions  present  on  different  tenders. 

The  f\rst  step  in  replacing  a  periscope  is 
coordination  between  the  shdp,  crane  crew,  and 
submarine.  It  takes  no  more  than  15  minutes  to 
get  a  scope  out  of  your  shop  and  ready  to 
install.  Proper  scheduling  is  necessary  to  be  sure 
tlyj  boat  is  ready  to  receive  the  scope  and  to 
assure  unitvten"upted  use  of  the  crane,  Due  to 
various  drills,  other  priority  crane  usage,  and 
work  by  other  shops  on  the  submarine,  it  is 
often  necessary  to  replace  scopes  early  in  the 
morning  or  after  working  hours.  The  important 
consideration  is  to  finish  the  job  once  it  is  * 
started. 
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With  all  necessary  preparations  made 
(submarine  informed,  external  fittings 
assembled,  yoke  and  packing  conuwnents 
ready),  the  periscope  is  jiftcd  to  a  vertical 
position  by  the  hoisting  clamp.  NOTE:  Location 
of  the  hoisting  clamp  is  critical.  Different  types 
M  periscopes  vary  in  length,  and  the  distArrte 
between  the  control  room  and  sail  varies 
between  classes  of  submarines.  You  have  to 
know  exactly  where  to  clamp  the  scope  s;a  the 
cyebox^ll  eicteTid  the  proper* distance  into  the 
control  room. 

When  the  periscope  is  held  vertically,  a 
specially  made  tapered  plug  called  a  bullet  is 
bolted  to  the  bottom  of  the  eyebox.  The  bullet 
guides  the  scope  through  the  .  sail  or  fairing 
bearings.  At  the  same  time,  a  steady  line  is 
secured  around  the  split  ring  groove  and  passed 
to  a  person  on  the  sail.  NOTE:  If  you  are  on  the 
sail,  do  NOT  forget  your  Safety  hanicss. 

The  person  on  the  sail  has  an  important  job: 
to  \w\t>  the  crane  operator  spot  the  scope 
directly  over  the  hole  in  the  sail,  to  guide  the 
scope  in,  and  to  apply  a  medium  coat  of. 
approved  grease  to  the  outer  tube  as  the  scope  is 
lOiwered.  As  you  may  suspect,  this  part  of  your 
job  is  dangerous.  You  do  not  have  any  place  to 
stand,  the  boat  is  usually  moving,  and  your 
hands  will  be  covered  with  grease.  That  is  why 
you  must  wear  a  safety  harness. 

-  Once  th6  scope  is  lowered  completely- and 
resting  on  the  clamp,  unhook  the  slings  and  go 
help  out  in  the  con'trol  room. 


REPACKING  THE  PERISCOPE 


Repacking  the  periscope  is  the  next  task. 
The  procedure  is  the  same  whether  you  just 
replaced  a  scope  or  are  renewing  packing  in 
place.  At  this  point,  all  oYlhe  metal  rings  have 
been  cleaned  and  checked  for  concentricity  and 
dings.  The  chevron  packing  has  been  inspected, 
and  the  height  of  the  assembled  packing  has 
been  measured.  / 

NOTE:  When  the  packing  assembly  is  in 
place,  there  must  be  1/16  to  3/32  inch  clearance 


between  the  lower 
packing  ring.  The 
between  the  depth 
stack  height  of  the 
this  clearance,  vary 
ring  or  substitute 
packing, 


steady  bearing  and  upper 
clearance  is  the.  difference 
of  the  hull  gland  and  the 
pacjcing  assembly.  To  obtain 

thh  thickness  of  the  filler 
different  rings  of  chevron 


At  leasi  two  people  are  needed  to  repack  a 
periscope,  and  you  will  need  several  packing 
sticks^.  The  packing  sticks  arr  about  3  or  4  feet 
long,  I  inch  wide,  and  3/4  inch  thick.  Without 
packing  sticks,  tliere  is  no  way  you  can  slip  the 
metal  rings  or  chevron  packing  into  the  cavity 
between  the  scope  and  hull  casting. 

First,  slip  the  upper  packing  ring  around  the 
scope,  followed  by  the  top  ring  of  chevron 
packing.  Then  use  the  packing  sticks  to  slide 
these  two  components  into  the  hull  casting. 
NOTE:  When  you  slip  chevron  packing  into 
place,  be  sure  it  dpes  not  hang  up  on  th^  lower 
lip  of  the  hull  casting.  The  lip  could  be  sharp 
enough  to  damage  the  packing. 

Now  coat  the  cavity  of  the  lantern  ring  with 
grease  and  slide  it  into  position.  Next  sUp  the 
two  Ibwer  rin^  of  chevron  packing  into  the  hull 
^and.  Tliere  !nay  be  enougli  friction  between 
the  scope,  chevron  packing,  and  hull  casting  to 
keep  the  partial  packing  assembly  in  position 
while  you  siip  the  lower  packing  ring,  filler  ring, 
and  hull  gland  into  place.lf  riot,  use  the  packing 
sticks.  - 

After  bolting  the  hull  gld^d  into  place,  use  a 
long  .006-inch  feeler  gage  to  check  clearance 
between  the  scope  and  hull  gland.  If  the  feeler 
gage  will  not  pass  fi-eely  arouqd  the  scope, 
something  is  wrong.  You  may  need  to  drop  the 
packing  to  fihd  the  difficulty,  or,  ifjjyou  are 
lucky,  you  can  install  the  yoke  and  raise  and 
lower  the  scope  several  times  to  properly  seat 
the  packing  assembly.  In  any  eve'fi!>4he 
minimum  clearance  of  .006  inch  is  necessary  to 
provide  proper  alignment  of  the  scope,  packing 
assembly,  and  steady  bearings. 

The  final  8tep-»in  repacking  a  scope  is  to 
hydrostatically  test  the  hull  gland.  To  make  this 
test,  one  person  n|just  crawl  into  tlie  sail  and 
attach  a  cpfferdpfi  around  the  scope  and  upper 
part  of  the  hull  casting. 
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NOTK:   Pie  cofferdam  is.  a  special  fitting 

about  18'inchej}  tall  and  made  in  two  halves.  A 

groove  is  machined  in  all  mating  surfaces  to 

accept  a  (Uiicknlrying  sealant. 
•■ 

When  the  halves  of  the  cofferchijn  ure  bolted 
t90»ther,  a  smaHj^iamount  of  water  is  poured 
in-Jjien  a  high-pressme  airhose  can  be  attached. 
This  air  pressure,  acting  on  the  water  in  the 
cofferdam  duplicates  the  action  of  scaVater 
pressure^  on  the  periscope  packing  when  the  boat 
is  submerged. 


EXTERNAL  FITTINGS  REPLACEMENT 


After  the  ship's  force  has  restored  hydraulic 
power,  very  slowly  move  the  control  lever  to 
"lower/'  and  cycle  the  yoke  down  and  up 
several  times  to  remove  trapped  air  in  the 
hydraulic  system-  NOTE:  Perform  this  step  just 
before  replacing  a  periscope. 

Now  slip  the  yoke  cover  on  the  outer  tube, 
above  the  split  ring  groove,  and  replace  the  split 
rings.  With  a  conventional  yoke,  slip  tlie  upper 
race  on  the  scope  and  tap  rt  onto  the  split  rings. 
Pa#k  the  lower  race  and  bjparings  with  approved 
^grease  and  replace  these  components  in  the 
yoke.  Very  slowly,  raise  the  yoke  into  position 
on  the  scope  until  the  scope  is  raised  several 
inches.  NOTE:  When  raising  the' yoke,  ypu  may 
have  to  guide  it  over  the  bottom  of  the  eyebox. 
If  the  yoke  hits  the  eyebox,  it  could  bend  a 
hoist  rod*;  With  the  yoke  in  position,  pack  the 
yoke  cavity  with  grease  and  secure  the  yoke 
cover. 

On  a  TBT,  you  do  not  need  to  worry  abouf 
bearings  or  grease,  but  you  must  be  sure  the 
key  way  on  the  scope  is  aligned  with  the  TBT  so 
the  key  can  be  reinstalled.  Once  the  yoke  is  yp, 
tighten  the  yoke  cover  the  same  as  a 
conventional  yoke. 

Now.  remove  the  bullet  from  the  eyebox 
and  clean  all  traces  of  grease  from  the  eyebox 
and  visible  area  of  the  outer  tut>e.  Then  carefully 
Clean  the  eyepiece  window  with  acetone.  Also, 
remove  the  clamps  at  this  time. 

As  you  recall  from  a  previous  section  of  this 
chapter,  the  external  Httings  of  a  periscope  were 


set  at  specific  positions  when  they  were  removed 
(except  for  the  eyepiece).  The  scope  control 
shafts  and  external  fittings  must  likewise  be 
matched  to  faciHtate  r^jplaceinent.  lie  sure  the 
\fit tings  are  from  the  scope  you  arc  working  on; 
then  replace,  secure,  and  test  the  fittings. 


V 


PERISCOPE  REPAIR 


I  As  an  0M3,  you  will  be  responsible  for  the 
maintenance  of  alt  periscope  external  fittings.  As 
an  pM2,  you  will  be  responsible  for  the 
comnlete  overhaul  of  submarine  periscopes.  We 
will  rtot  go  into  the  detailed  procedures  for 
completing  an  overhaul,  but  we  will  explilin 
some  of  the  finer  points  of  construction  and 
adjustment. 


EXTERNAL  FITTING  OVERHAUL 


Tlie  rtepair  and   adjustment  of  external 

fittings  arenust  as  important  as  tlie  maintenance 

of  internal!  optics  and  ipechanical  systems.  If 

external  components  are  out  of  adjustment  or 

damaged,  thb  periscope  is  essentially  useless, 

1  ^ 
The  following  fittings  for  type  2,  8  and  15 

periscopes  are  practically  identical:  left  training 

handles,  eyepieces,  blinder  attachments^  variable 

density  filter  assemblies,  pressure  gage  and  valve 

assemblies^   md   focusing   knobs.   The  right 

training  banc  les  of  attack  scopes  are  so  similar 

to  left  trailing  handles  they  will  not  need 

explanation.  RiglU  training  handles  of  type  8 

and  15  scopep  are  identical. 

Since  external  fittings  receive  considerable 
handling  and  some  abuse,  proper  lubrication  is 
essential  for  performance^  and /durable  paint  is 
necessary  for  appearance  and  protection.  The 
preferred  lubricant  for  moving  parts  is 
Lubriplate  in  several  grades.  Your  shop 
supervisor  will  specify  the  type  and  aijiount  to 
use  on  various  fittings.  The  recommended  paint 
is  a  good  grade  of  semigloss  baking  enamel.  If 
properly  applied,  this  paint  is  very  durable  and 
Will  provide  an  attractive  finish. 
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l^eri8cope  Eyepieces 

An  exploded  view  of  an  eyepiece  and 
faceplate  assembly  is  shown  in  Figure  12-11. 
The  eyeguard  adapter  (8)  is  free  to  rotate  on  the 
facci^late.  Three  screws  (I)  keep  the  adapter 
from  coming  off,  and  a  detent  assembly  holds  it 
in  position. 

A  spring-loaded  plunger  assembly  (16 
througli  20)  holds  the  faceplate  on  the  scope 
cyebox.  (Only  one  plungtJr  is  shown.)  Hgrr9  is  a 
self-contained  spring  loaded  detent  (only  one 
shown),  whicli  holds  the  faceplate  snugly  to  the 
eyebox.  This  arrangement  allows  the  bottom  of 
the  faceplate  to  be  pulled  away  from  tlie 
eyebox,  while  pivoting  on  the  detent  plungers, 
so  tlie  eyepiece  window  can  be  cleaned. 


Not  shown  in  figure  12-11  is  an  eyepiece 
heater  which  is  built  into  the  faceplate.  The 
heater  consists  of  an  electrical  contact,  wWch 
receives  power  from  a  power  supply  pin  on  the 
eyebox,  and  eight  turns  of  resistance  wire  which 
are  wound  Inside  the  faceplate  Ms  cell  and 
sealed  with  epoxy  resin.  The  heater  prevents 
moisture  from  condensing  on  the  eyepiece 
optics. 

The  two  eyelens  elements  (14,  15)  and  the 
field  lens  02)  are  held  in  the  faceplate  ty 
retainer  rings.  When  it  is. necessary  to  remove  the 
lenses,  new  shims  must  be  placed  between  the 
two  eyelens  elements.  Four  shims  of  0.001-  to 
0.002-inch  tin  foil  evenly  spaced  around  the 
edge  provide  the  required  0.037-inch  spacing  of 
th<i  elements. 
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When  the  eytypiece  ami  faceplate  assembly  is 
ready  t'or  reassembly,  use  a  drop  of  Locktite  on 
all  threads.  .  Tlus  a)m|K)uml  pttvcnts  tlie 
threaded  parts  from  backhig  out  but  does  not 
make  future  disassembly  difficult.  A.I.SO,  when 
you  replace  the  three  screws  that  retain  the 
eyepiece  adapter,  screw  them  in  tightly  atid  then 
back  them  out  I  /8  of  a  turti  to  provide  freedom 
of  rotation  witlK)u<  binding. 

BliiTdcrAsSeiiibhy 

Tlie  blinder  assembly  (tig.  12-12)  is  an 
attachment  that  fits  over  two  studs  on  the 
eyeguaid  adapter  shown' in  figure  l2-mvl  li»^ 
rubber  cycguards  provide  the  proper  eye 
distance  for  viewing  through  the  periscope,  and 


one  eyeguard'  i^s  mounted  on  a  slide  to 
accommodate  the  viewer's  intcrpupillary 
distance.  Since  the  eyepiece  adapter  is  rotational 
and  d(}tented,  sim^ly  by  turning  the  blinder 
as.sembly  180° -the  user  can  view  through  th» 
periscope  with  eithei^c  left  or  right  eye. 

Tlie  most  common  defects  found  with 
blinder  assemblies'  are  missing,  immovable,  or 
deteriorate'd  eyeguards.  or  frozen  or  brgken 
finger  lever  sp;-ings.  Since  this  assembly  is:  quite 
simple,  disassembly  and  function  of  components 
can  be  easily  understood  by  .  studying  the 
illustration. 

Proper  lubrication  of  the  finger  levers  aod- 
springs  and  between  the  base  plate  (13)  and 
blinder  retainer  (7)  will  usually  result-in  longer 
trouble-free  service. 

■7> 


LEFT  LEVER. 
CLOCK  SPRING 


BASE  PLATE 


BINDER  RETAINER 
LEAF  SPRING 


CLAMP  PLATE 


EYEGUARD  CLAMP 


EYEGUARO 


RIGHT  LEVER 


FIgur*  12-12.-BUnd§r  attaehmtnt  ammbly. 
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Variable  Density  Filter  Attachiifeiit 

As  you  can  see  from  comparing  figures 
12-12  and  12-13,  the  arrangement  6f  finger 
levefs  and  method  of  attachment  of  the  blinder 
assembly  and  variable  density  filter  are  identical. 
Since,  the  construction  and "  operation  of  the 
filter  assembly  is  more  complicated,  however,  it 
can  cause  you  problems  if  you  are  not  careful. 

-  .^P"  way    OF    another    most    of-  the 
coffii>onents  of  the  filter  assembly  are  attached 
to  or  move  arlound  the  socket  housing  (18).. 
Fixed  niter  (fo)  and  its  retainer  ( 19)  screw  into 
the  front  of  the  .socket  housing.  The  movable 


filter  (17)  and  its  retainer  (16)  are  screwed  into 
the  cradle  *(15)  which  slips  into  the  socket 
housing.  Screw  (13)  passes  through  the^slotin 
the  socket  housing  and  is  attached  to  thecrJKlle. 
The  slot  in  the  socktet  housing  allows  the  filter 
(17)  to  "TvJ  rotated  90"  to  change  light 
transmission  from  minimum  to  maiiinum, 

The  actuator  sleeve  (II)  i^^ee  to  rotate 
j|when  the  socket  housing  is  screwed  into  the  bage 
opiate  (lO):  When  th^  actuator ^leeve^Tltppeit" 
oyer  the  socket  housing,  the  head  of  screw  (I3r 
'  must  engage  the  slot  in  the  actuator  sleeve,  and 
the  friction  spring  (12)  must  be  depressed 
sHghtly  to  allow  the  parts  to  mate. 


•  1. 
2 
3, 
4. 
5. 
6 
7. 
8. 
9. 
10; 

11 
12. 


SCREW 
EYEGUARO 
EYEGUARD  MOUNT 
SCREW  PIN 
SCREW  PIN 
LEFT  LEVER  ' 
CLOCK  SPRING 
RIGHT  LEVER 
CLOCK  SPRING 
BASE  PLATE   .  . 
KNURLED  SLEEVE 
SPRING 


Figurt  12-13.-Virltbl«  cMitlty  fllttr  atttehmcnt  MMmbly. 
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;  T\\e  face  ring  (14)  screws  ir>to  the  rear  of  the 
socket  bousing  and  retains  the  cradle  and 
movable  filter,  but  allows  the  cradle  to  rotate. 
The  eyeguard  mount  (3)  and  <cyeguard,  when 
they  are  secured  in  the  face  ring,  complete  the 
assembly. 

If  an  eyeguard  is  in  poor  condition,  ren^ove 
it  by  pulling  it  away  from  tiie  eyeguard  mount. 
To  replace  an  eyeguard,  carefully  pry  open 
tioward  The  cetvfer)  Tfie  equally  spaced  clips 
before  inserting  the  new  eyeguard.  NOTE:  The 
clips,  I'hich  are  an  integral  part  of  the  eyeguard 
mount,  are  made  of  brass.  Therefore  they  can  be 
bent  otily  once  or  twice  Icfore  breaking.  It  is 
common  practice,  to  pry  the  clips  apart  jnst 
enouj^i  to  accept  J  new  eyeguard  and  then  press 
it  in  plaoe  in  the  eyeguard  mount.  ^ 

-  As  you  can  see  in  figure  12-13,  there  is  a 
horizontal  aiid  vertical  slot'  at  the  top  md 
bottom  of  the  eyeguard  moupt  (3).  At  the 
intersection  of  the  slots,  there  are  tapped  holes 
to  accept  bevel  head  friction  screws  ( 1 ).  These 
screws  are  installed  from  the  rear,  as  shown  in 
fig.  12-13,  but  are  not  tightened  until  the 
eyeguard  mount  is  sJipped  into  the  face  ring.  ■ 
The  shoulder  on  the  face  ring  prevents  access  to 
the  screwheads,  so  the  ends  pf  these  screws  are 
slotted  for  the  jeweler's  screwdriver.  When  the 
eyeguard  is  properly  oriented,  turn  the  friction 
screws  counterclockwise  from  the  front  to 
spread  the  sl6ts  in  the  eyeguard  mount  to  lock 
the  eyeguard  mount  in  the  face  ring.  " 

Now  that  you  are. familiar  with  the  function 
and  relationship  of  parts  of  the  filter  assembly 
you  need  a  few  more  hints  to  properiy  assemble 
the 'flltersv  Both  the  fixed  and  movable  filter 
have  short  lines  scribed  at  the  top  and  bottom  to 
indicate  ^he  pronej  orientation  of  the  axis  of 
poMzation,  BotVfilters  should  be  assembled 
wim  these  marks  Jj^ard  the  periscope  eyebox." 
When    thp .  filte^  assembly    iS/  completely 
assembledC  jbid  the  index  marks  of  both  filterd' 
are    aligned    vertically,    maximum  lighJ 
transmission  will-  be  realized  and  glare  will  be^ 
reduced,  Turn  the  ax;tuating  sleeve  clockwise! 
The  movables  filter  should  rotate  90"  and  reduce 
light  transmission  to  zero.  Proper  orientation  of 
the  flx«d  filter  is  quite  easyi  but  yoQ  may,need, 
to    partially    disassemble    the    whole  filter 
asscmbfjl  to  establish  the  proper  relationship* 

'  12- 


between  the  movable  filter,  eradic,  and  socket 
housing. 

The  moving  parts  of  the  filter  assembly  are 
quite  closely  fitted.  Any  burrs  or  distortion 
would  be  detrimental  to  smooth  operation. 
Apply  just  enough  lubricant  to  mating  parts  to 
provide  smooth  operation,  but  not  so  much  that 
it  will  Contaminate  the  filters. 


Pressure  Gage  and  Valve  Assenvl>ly 

Tlie  pressure  gage  and  valve  assembly  (fig. 
12-14)  is  common  to  all  modem  scopes  except 
^  for  some  of  the  earlier  type  8  periscopes,  the 
assembly  is  secured  to  the  inside  of  tie  lower 
door  on  the  eyebox  fto  be  shown  later).  Not 
shown  in  the  figure  are  the  1 2  screw  holes  which 
are  factory  drilled  through  the  flartged  portion 
"  of  the  gage  housing  (1 6). 

This  assembly  is  quite  sturdy  and  usually 
troublefree,  but  the  gage  (6)  does  eventually 
wear  out,  and  leaks  can  develop  around  the 
various  O^rings.  The  .most  common  source  of 
leakage  is  frt>m  the  shutoff  valve  ( 13)". 

The  pressure  gage  reads  from  0  to  30  psi.'but 
periscopes  are  pressure  tested  to  SO  psi. 
Therefore,  the  shutoff  valve  must  be  used* quite 
often  to  secure  pressure  to  the  gage  before  it  is 
damaged  by  excessive  pressure.  | 

Whenever  you  must  disassembhj  this 
assembly,  replace  all  0-rings.  You  must  also  be 
extremely  careful  during  disassembly  and  in 
removing  old  O-rings  to  avoid  damage  to  O-ring 
seating  surfaces. 


Focusing  Knob  Assembly 


The  focusing  knob  (fig.  12-15)  is  more 
complicated  than  you  might  expect,  but  it  does 
more  than  provide  a  focus  range  of  +1.5  to  -3 
diopters,  Since  the  6th  erector.<focusing  erector) 
"of  a  periscope  can  be  moved  "^bout  1 0  inches, 
the  focusing  knob  must  be  able  to  provide  the 
necessary  movement,  with  suitable  internal  stops 
to  prevent  overtravel  or  damage  to  related. 
componer>ts. 
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GAGE  AND  VALVE  HOMING  RETAINING- 
'  •     RING  ' 


Q-RINQ 


PRESSURE  GAGE 
MECHANISM  ASStMeiY 


GASKET 


WINDOW 


FLATHEAD 

SCREW 


BALL 


0-RING 
SHUTOFF  VALVE 


Figur«  12-14.-Pr«Mur«  gags  and  valve  attambly. 
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\  SETSCREW 
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PLUNGER 
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SETSCREW 

2.  DOWEL  PIN 

8 

PIN 

17 

DIOPTER  SCALE 

Z  RELEASE  KNOB 

9 

SPRING 

la 

DOWEL  PIN 

4  DOWEL  PIN 

10, 

SPACER 

19. 

FOCUSING  KNOB^ 

5.  SLEEVE 

11 

PIN 

20. 

FLATHEAD  SCREW 

6  SPRING  ^ 

12. 

HANDLE 

21. 

RETAINER 

13. 

ARM 

22 

DOWEL  PIN 

14. 

RETAININGRING 

23. 

FOCUSING  STOP 

15. 

TAKE-UP  NUT 

24. 

FOCUSING  NUT 

25.  CAMERA  STOP 

26.  FOCUSING  SHAFT 

27.  DOWEL  PIN 

28.  SLEEVE  * 

29.  FOCUSING  KNOB  HOUSING- 
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Flgura  12-15.~Focuting  knobasMmbly. 
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tAs  a  starting  point  in  uiulcrstanding  this 
oinbly.  you  will  neeil  ttf  know  the  limits  of 
travel  available.  With  the  locus  knob  turnej  all 
the  way  to  the  stop,  clockwise,  the  diopter  scale 
shouUI  read  +1.5  diopters.  With  the  knob  turned 
approximately  260"^  counterclockwise,  the 
diopter  scale  .should  read  -3.  Now  pull  out  the 
detent  plunger  (2  through  '?)  to  disengage  the 
focusing  stop;  turn  the  focus  knob 
counterclockwise  to  a  stop,  which  cranks*  the 
•6th  erector  down  to  camera  position.  NOTE: 
From  the  +1.5  diopter  stop  to  the  camera  stop 
takes  approximately  6  1/2  to  6  3/4  turns.)  Tlie 
spring-loaded  handle  (shown  in  dash  lines)  can 
be  extended  to  provide  rapid  action  for  this 
operation. 

To  disas.sembic  the  focusing  knob,  there  is 
no  specified  starting  point.  Use  the  following 
11    steps  as  a  guide. 

1.  Remove  the  decent  plunger  assembly  by 
backing  out  screw  I,  which  also  secures  buS^ng 
5  in  the  focusing  knob  housing  (29).  Further 
disassembly  of  the  plunger  assembly,  if 
necessary,  is  apparent  in  fig.  12-15. 

2.  Turn  the  ifocusing  knob  clockwise  to  the 
?top,  extend  the  handle  (I3)'and  back  the  nut 
(15)  out  to  contact  the  retainer  rijig  (14).  The 

*  -^inside  of  the  focusing  knob  has  a  tapered  socket 
which  matches  the  tapered  end  of  the  focusing 
shaft  (26).  Backing  nut   15  out  against  the 

^.  retainer  should  separate  the  focusing  knob  from 
the  focusing  shaft.  If  not.  tap  the  focusing  knob 
with  a  fibef  niallet  tt>  release  it. 

- —  3.  Remove  the  six  screws  from  the  retainer 
(21)  and  withdraw  the  focusing  shaft  and  stops 
as  a  unit  (22,  23,  24,  25,  26).  Do  not  distur.b^lie 
relationship  of  these  par(s  unless  repair  is 
necessary. 

V 

Tlie  focusing  shaft  (26)  is  machined  with  a 
left  hand  thread.  The  focusing  stop  (23)  is 
pinned  to  the  focnising  shaft.  The  camera  stop 
(25)""is  positioned  against  the  shoulder  an  the 
focusing  ,  shaft.  When  this  assembly  is  all 
together,  pin  18  in  the  focusing  knob  engages 
••.♦the  ^t  ill  the  camera  stop.  Con.sequently,  when 
"^the  IBcusirtg  knob  is  turned,  parts  23,  25,  and  26 


...  12^^' 


/turn  together.  The  focusing  nut  (24)  rides  up 
and  down  the  focusing  shaft  and  is  prevented 
from  turning  by  a  tab  which  engages  a  slot  in  the 
focusing  knob  housing  (29). 

For  the  stops  to  function  properly,  the 
length  of  the  camera  stop  (25)  is  critical,  as  is^ 
the  initial  placement  of  the  focusing  nut  (24).  If 
you  replace  any  CQmponcjit  oi'  tlic  focusing 
shaft  or  stops,  you  will  need  to  do  some 
machining  to  obtain  the  proper  travel  and 
engagement  of  the  focusing  nut.  Also,  machine 
the  tab  on  the  focusing  nut  to  provide  at  least 
.040-inch  engagement  with  the  U4^  on  tlie  camera 
stop. 

Notice  that  the  short  threaded  section  of  the 
focusing  shaft  (26)  is  slotted  for  a  screwdriver. 
This  feature  allows  you  to  make  some  External 
adjustment  of  the  stops  when  the  focus  knob  is 
attached  to  the  periscope.  Simply  by  backing 
nut  15  against  stop.ring  14  to  release  the  focus 
knob,  you  can  hold  the  knob  and  turn  the 
focusing  shaft  with  a  screwdriver  to  properly 
place  the  stops.  Then  reseat  the  focusing  knob. 
If  the  diopter-  ring  (17)  does  not  align  with  the 
index  mark  after  the  previous  adjustment, 
loosen  setscrew  16  and  reset  the  diopter  ring. 
(WOTE:  Anytime  you  make  repairs  to  any 
portion  of  thp  focusing  mechanism,  either  itv  the 
periscope  dr  focusing  knob  assembly,  you  must 
make  the.  focus  knob  adjustment  just  explained 
as  part  of  the  scope  collimation  procedure. 


Left  Training  Handle  Assembly 


V 

The  training  handle  shown  in  figure  12-16  is* 
generally  representative  of  left  trainihg  h^indles 
found  on  type  2,  8,  and.  15  periscojles.  •  Any . 
differences  between  handJes  used  on  the  various 
periscopes  are  usually  found  in  pivot  bushings  (3 
through  7)  and  in  the  handle  stops  and  detents 
(26,  28,  31).  NOTE:  Tlie  handle  shown  is  from 
the  type  15  periscope.      .   *  \ 

Complete  disassembly  of  the  training  handle 
is  ^eldpm  necessary.,,,! t. is  .inuch  mote  sensible  to 
;  disassemble  only  t6  the  extent  necessary  to 
make  needed   tepairs."  Coniriion  wear  points^ 
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/f.  SCREWj SELF  LOCKING  ,  (2.  SPRING,  CLUTCH 
2,  COVER,  LEFT  TRAINING     13.  TAPER  PIN 


HANDLE 

3.  SCREW 

4.  CAP 

5.  RING.  RETAINING 

6.  PIN,  PIVOT 

7.  BUSHING 

8.  GEAR,  CI.OTCH  BEVEL 
(INNER) 


14.  COLLAR,  SHAFT 

15.  WASHER,  niRUST 

16.  NUT,  SELF-LOCKING 

17.  WASHER 

18.  KEY,  WOODRUFF'  ' 

19.  WASHER,  THRUST 
2a  WASHER 

21.  BALL  PLUNGER 


9.  ^RACKET.       TRAINING  21  SCREW,  ROUND  HEAD 

HANDLE  23.  BAND,  GRADUATED, 
lOL  SCREW  IJEFT  HAND 

1 1,  GEAR,  CLUTCH  BEVEL  24.  GRIP,  LEFT  TRAINING 
(OUTER)  HANDLE 


25.  SHAFT,  CONTROL 

26.  STOP  KING,  INTtiR: 
■  MEDIATE 

27.  SCREW,  FLyU^  HEAD 

28.  S1X)PRING 

29.  SCREW.  SELF  LOCKING 
3a  SETSCREW 

31.  DETENT  BUSHING 

32.  BEARING,  NYLINER 

33.  SCREW,  SELF-LOCKING 
'34.  COVER,  TRAINING 

HANDLE 

35.  SCREW,  SPECIAL 

36.  WASHER,  LOCK 

37.  BLOCK,  SPRING  RETAINER 


38.  PIN,  DOWEL 

39.  RING.  RETAINING 
40;  WASHER,  THRUST 

41.  ROLLER  ^ 

42.  BEARING 

43.  SHAFT,  GAM  FOLLOWER 
^^4^RING  LEAF  ASSEMBLY 


45.  LEAF  SPRING,  BOTTOM 

46.  LEAF  SPRING,  MIDDLE 

47.  LEAF  SPRING,  TDP 

48.  BRAeKKi;j.EAF  SPRING 

49.  RIVET 

50.  HINGE,  LmTRAINI 
HANDLE 


Figurt  l2-16.r-fr«ining  hmdte  iMtmbly. 
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incliulc  (l»o  inner  mh\  oulci  Ix-vcl  ^cais  (8.  II). 
tho  pivol  pins  'A\\&  hiTsliings  (<),  7).  and  the 
elevation  stops  ai^l  Ueteiit  bushing  {lb.  28.  ,^l  ), 

ir  It  IS  necessary  to  se|K>rate  the  hii»ge  (50) 
from  tj»e  handle  bracket  (^>)  you  must  release 
tension  on  the  spring  leal  assembly  (44). 
Remove  the  cover  (.M)  ami  back  otT  evenly  on 
the  tour  screws  {35)  which  secure  the  spring 
retainer  block  (37).  When  replacing  the  Icar 
spring  assembly,  you  nuist  torque  the  special 
screws  (35)  to  no  more  tliaii  40  inch-poui\(.ls. 
NOTI-;  When  working  on 'a  periscope  haiufle 
with  the  leal  spring  asAicmbly  in  place,  be 
extremely  carelul  that  the  hamlle  bracket  does 
not  snap  shut  on  your  lingers. 

The  relationship  of  parts  in  the  left  training 
iiandle  and  disassembly  scipience  is  readily 
apparent  in  llgure  12-10.  If  you  replace  the 
inner  or  outer  bevel  gears,  or  any  component  of 
the  elevation  sf^ps.  you  will  need  to  replace  the 
handle  on  the  periscope  to  check  for  proper 
operation  and  adjustment  as  needed. 


Al.so-  included  on  the  switch  uc(uat<)f 
assembly  is  the  high  power  fjlter  release.  When 
the  .scope  is  in  high  power,  the  rck'ase  can  be 
pushed  toward  the  scope,  and  the  grip  can  be 
turned- slightly  to.drop  a  very  da»k  filter  into  the 
line  of  sight.  The  filter  enables  the  operator  to 
use  the  sun  as  a  navigation  aid. 

A  wiring  Iftirness  a.s.sembly  ( I  I ),  secureii- to 
the  handle  bracket,  contains  a  leeeptacle  and  all 
The  necessary  wiring  to  connect  tlie^  various' 
switches  in  the  handle  to  a  mating  plug  on  the 
periscope  eyebox. 

The  mechanical  portion  of  the  right  training 
handle  is  essentially  the  same  as  a  left  handle,  so 
it  should  not  be  a  problem.  You  will  need  a 
multimeter  to  check  wiring  and  switch  function, 
however.  If  you  are  not  familiar  with 
multimeters,  once  your  shop  supervisor  explains 
their  function,  you  can  learn  to  troubleshoot  a 
variety  of  problems  in  a  short  time. 


Stadimettr  Dial  and  Drive  Assembly 


Right  Training  Handle  As.senibly 


Right  training  haiull?i^s  of  type  2  periscopes 
are  so  similar  to  theji.left  haiulle  that  no 
illustration  will  be  prS^ented.  After  making 
repairs  to  the  right  hamlle.  you  must  be  sure 
that  shafts  and  gears  arc  properly  aligned  and 
that  stops  are  .set,  so  that  the  periscope  shifts 
properly  between  high  and  low  power.  The  stops 
are  very  important.  Overtravel  of  the  handle  can 
stretch  the  steel  tapes  that  \jiift  the^Galilcan  lens 
cubes,  and  undvrtravel  can  partially  shift  the 
cubes  and  block  out  part  of  the  field  of  view. 

The  right  training  handle  common  to  types  8 
and  15  periscopes  is  shown  in  figure  12-17.  This 
handle  does  more  than  chanfee  power.  A  sextant 
mark  switch  (60)  activates  a  reniotc  recorder  to 
record  the  elevation  of  celestial  objects,  and  two 
switches  on  the  switch  aetuator  assembly  (38) 
activate  a  torque  motar  in  the  adapter  to 
assist  with  training  the  perl.scope.  Pushing  one 
switch  with  your  thumb  turns  the  scope  to  the" 
right,  pulling  the  other  switch  with  your  index 
finger  tuni$  the  scope  left.  '-^  '  ' 


A  very  simplified  .schematjc  of  the 
stadimeter  attached  to  the  bottom  of  type  2 
periscopes  is  shown  in  figure  12-18.  The 
stadimeter  is  heavy  but  very  precise.  Shafts  and 
gears  are  supported  by  preloaded  thrust  bearings 
to  prevent  end  shake,  and  the  special  couplings 
between  the  stadimeter  and  eyebox  compensate 
for  misalignment  between  the  shaft  axes.  An 
adjustable  stop  on  the"  stadimeter  drive  shaft 
allows  full  travel  of  the  split  lens  and  range  dial 
but  prevents  overtravel. 

A  wiring  harness  in  the  stadimeter  provid4 
illumination  to  the  dials,  but  the  stadimeter 
strictly  mechanical.  The  inside  of  the  stadimeter 
is  packed  with  grease  to  provide  lubrication  and 
to  prevent  the  entry  of  moisture.  If  repairs  are 
necessary,  this  grease  can  be  quite  messy. 

Since  .clearances  and  adjustments  to  the 
stadimeter  and  split  lens  cube  (5th  yrector)  are 
very  critical,  you  should  follow  the  repair 
procedure  outlined  in  NAVSHIPS  324  0487  if 
you  perform  any  work  on  either  the  5th  erector 
assembly  or  staditneter.  .  During  periscope 
collimation,  you  must  attach  the  stadimeter  t(j 
the  scope  to  be  absolutely  certain  that  all 
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I.  SCRKW.SKLI'  LOCKING 
1  SCREW,  SELF  LOCKINC, 

3.  COVER.  RKIMT  TRAINING 
HANDLE 

4.  SCREW.  FLAT  HEAD 

5.  CAP 

6.  RING,  RETAINING 

7.  PIN,  PIVOT 
t  BUSHING 

9.  SCREW,  CAP 
la  WASHER,  LOCK^ 
t  i.  WIRING  HARNESS 

Assembly  with 

PLUG,  FEMALE 
II  PIN,  DOWEL 

13.  GEAR,  CLUTCH  BEVEL 
(INNER) 

14.  BRACKET,  TRAINING^ 
HANDLED,  RH 


15.  SCRIiW 

16.  GEAR.  CLUTCH  BEVEL 
(OUIER) 

17.  SPRING,  CLu  rc:H 

18.  TAPER  PIN 

19.  COLLAR,  SHAFT 
2a  WASHER,  THRUST 

21.  NUT,  SELF-LOCKING 

22.  WASHER 

23.  KEY.  WOODRUFF 

24.  WASHER,  niRUST 

25.  BEARING,  NYLINER 

26.  WASHER 

27.  SHAFT.  CONTROL 

28.  SCREW 

29.  BAND.  GRADUATED, 
POWER  CII/iNGE 

3a  SCREW.  CAP 
31.  WASHER 


32.  STOP.  INDEXING 

33.  PIN,  DOWEL 

34.  PIN,  DOWEL 

35.  SETSCREW,  SELF-LOCKING 

36.  GRIP,  RIGHT  TM 

37.  SCREW,  SELF-LOCKING 

38.  SWITCH  ACTUATOR 
ASSEMBLY 

39.  PIN,  DOWEL 

4a  SCREW,  PAN  HEAD 

41.  SWITCH,  MICRO 

42.  SCREW,  SELF-LOCKING 

43.  COVER,  TRAIjMING  HANDLE 

44.  SCREW,  $PI<;aAL 

45.  WASHER,  LOCK 

46.  BLOCK,  SPRING  RETAINER 

47.  PIN.  DOWEL 

48.  SPRING,  LEAF 

49.  RING,  RETAINING 


5a  WASHER,  THRUST 

51.  ROLLER 

52.  BEARING 

53.  SHAFT.  CAM 
FOLLOWER 

54.  SCREW,  FILL  HEAD 

55.  WASHER.  LOCK 
56.,  SWITCH,  PUSH 

57.  NUT(PiH  of.  56) 

58.  WASHER,  LOCK 
(Ptrt  of  56)  •  • 

59.  PLATE,  SWITCH 
6a  HOUSING,  SWITCH 

(Pirt  of  56) 

61.  FILTER.  MARK  SWITCH 

62.  FILTER,  FORWA^RD  AND 
REVERSE  SWITCHING 

.'63.  HINGE/RIGHT  TRAINING 
HANDLE 
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Pigur*  12-17.-Right  trtining  haMdIf  tlMmbly. 
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COUPLING  TO  SPLIT  LENS 

LEAD  SCREW  TYPE  LIMIT  STOP 


COUPLING  T0  5TH 
ERtCTOR  CUBE 


STADIMETER  "IN"AND"0UT"  ^ 


SET  TRAVEL  FOR  138^ 

ARROWS  ON  STAD  DRIVE 
INDICATE^OECREASING 
RANGE 


HEIGHT  m  FEET-^/^ 
(FIXED) 


HP  a  L  P  RANGE  MARKS 
(  MANUALLY  ROTATED) 


Figur*  12-18.-St«dim«ter  dial  and  drive  ati«mbly< 
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components  of  the  ranging  mechanism  are 
functioning  properly. 


PERISCOPE  MAINTENANCE 


Since  a  periscope  is  a  very  complicated 
instniment,  and  because  there  are  numerous 
different  types,  we  cannot  possibly  offer 
detailed  repair  procedu^tes  in  this  teXt.  Even  an 
experifenced  repairman  must  use  job  sheets  or 
the  appropriate  techhical  manual  for  thesfe 
tasks. 

The  first  step  in 'periscope  repair  is  to 
perform  a  Casualty  analysis  check  to  determine 
♦exactly  what  is  wrong  with  the  instrument  to 
establish  a  practical  extent  of  disassembly.  Each 
type  periscope  (2,  8,  15)  requires  a  different 
casualty isanalysis  procedure  due  to  the  different 
optical',  hiechanical,  and  electronic  comppnents 
in  each  system.  Casualty  analysis  sheets  are  not 
necessarily  standard  either.  Bach  ship  or  shore 
repair  facility  usually  produces  its  own.  The 
important, consideration  is  that  all  checks  must 
be  in  a  logical  sequence  as  thoroughly  as  possible 
to  detect  any  defect  or  deficiency. 


The  most  essential  factor  in  periscope  repair, 
other  than  correct  procedures,  is  cleanliness. 
You  have  learned  from  previous  pages  that 
external  components  can  be  greasy  and  dirty. 
However,  once  a  scope  is  opened,  the 
,  environment  must  be  scrupulously  clean.  An 
optical  shop  is  traditionally  one  of  the  cleanest 
spaces  in  a  ship^bUt,  during  some  cleaning  and 
asse^nbly  operations,  a  super  dean  area  is 
required. 

The  **CIean  Room"  should  be  located  as 
close  as  practical" to  the  periscope  rail  where 
disassembly /reassembly  is  accomplished.  The 
room  can  bejarge  etwugh  for  one  or  more 
people  to  work  comfortably,  and  it  will  contain 
electrical  outlets,  excdle^t  Jighting^  and^  in  some 
cases,  running  water  and  compressed  air  jines. 
The  primary  requirement  for  the  clean  room  is  a 
, constant  supply  of.  filtered  air  delivered  at  a 
pressure  slightly  higher  than  the  rest  of  th^ 
optical  shop.  The  positive  air  pressure  prevents 
entry  of  dust  or  other  foreign  particles. 

At  least  two  filters  are  used  in  the  clean 
room  air  supply.  One  is  similar  to  a  household 
heating  or  air-conditioning  filter.  The  final  stage 
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filter  must  be  a  cellulose-glass  absolute  filter 
capable  of  trupping  particles  as  small  as  0.5 
micron  (a  micron  is  I  / 1000  mi)liineter).  In 
addition  to  the  positive  pressure  filtered  air 
supply,  workers  in  the  clean  room  should  wear 
lint  free  uniforms  and  head  covering.  Needless  to 
say,  smoking  is  prohibited  in  the  clean  room. 

Hie  methods  for  cleaning  optical  and 
mechanical  components  of  optical  instruments, 
which  were  discussed  in  previous  chapters, 
generally  uppfy  to  periscope  maintenance.  The 
only  difference  is  that  much  more  care  must  be 
taken  in  working  on  a  periscope  since  it  is  so 
much  more  difficult  to  remove  from  a 
submarine,  disassemble,  repair,  reassemble, 
cycle,  and  install.  Your  objective  is  to  do  the  job 
correctly  and  carefully  the  first  time. 


Inner  Tiilie  Removal 


Once  you  have  determined  the  problems  in  a 
periscope,  you  can  begin  disassembly.  The 
following  steps,  while  not  complete  in  all  details, 
will  serve  as  a  general  guide. 

•  Release  gas  pressure. 

•  On  type  8  and  type  15  periscopes, 
disconnect  the  various  antennas'  from  the  head 
section  before  pulling  the  inner  tube, 

•  Roll  the  scope  so  the  head  window  is 
•    facing  up.  Set  the  scope  in  low  power  with  the 

head  prism  at  zero  elevation. 

•  Check  the  brass  main  coupling  between 
the  eyebox  and  outer  tube  for  setscrews. 
Remove .  setscrews  and  unscrew  the  coupling 
with  a  special  main  coupling  wrvnch.  NOTE: 
Threads  on  the  outer  tube  are  right  hand, 
threads  on  the  eyebox  are  left  hand,  and 
corresponding  threads  are  machined  in  the 
coupling.    When    the    coupling    is  rotated 

,  counterclockwise,  viiewing  from  the  bottom  of 
the  eyebox,  the  inner  tube  is  withdrawn  from 
.  the  outer  tube  approximately  3  inches.  A  key  is 
If  ittached  to  the  eyebox  just  above  the  threaded 
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portion.  The  key  mates  with  a  keyway  in  the 
mner  tube  to  assure  alignment  of  the  inner  and 
outer  tulx's  at  assenibly.- 

When  you  unscrew  the  main  coupling,  attach 
a  chain  hoist  to  the  eyebox  to  prevent  the  inner 
tube  from  .sagging  as  it  is  withdrawn.  NOTE: 
Ivigure  1  2-^^hlws  a  few  sections  of  inner  tube 
and  the  arraniefient  of  control  shafts  md  tapes 
of  a  type  2 -periscope.  Tlie  type  8  and  type  15 
inner  tube  structure  is  similar  except  for  the 
absence  of  the  split  lens  mechanism  and  the 
addition  of  various  waveguides  and  antenna 
cables. 

Wliile  smoothly  withdrawing  tlie  inner  tube 
from  the  outer  tube,  support  the  inner  tube  at 
various  points  to  prevent  sagging  and  binding. 
This  support  can  be  in  the  form  of  individual 
straps'  and  chain  hoists,  but  most  shops  use 
lightweight  strong  backs  similar  to  that  shown  in 
fig.  1  2r9.  Place  the  straps  around  the  inner  tube 
without  binding  tapes,  control  shafts,  or 
electric/electronic  components. 

When  the  inner  tube  is  clear  of  the  outer 
tube,  set  it  on  a  periscope  rail  alongside  the  rail 
holding  the  outer  tul>e  or,  as  in  most  ships,' set 
the  outer  tube  in  blocks  on  deck  to  tnake  room 
for  the  inner  tube.  NOTE:  As  the  inner  tube  is 
being  shifted  to  the  periscope  rail,  it  must  be 
Iwndled  very  carefully  to  avoid  springing  or 
bumping.  At  least  three  people  are  needed  to 
move  the  inner  tube,  and  absolute  coordination 
of  movement  is  essential.  ' 

Just  before  setting  the  inner  tube  on  the 
periscope  rail,  position  V-blocks  under  six  to 
eight  flanged  joints  between  inner  tube  sections 
to  safely  support  the  inner  tube. 

•  As  soon  as  the  inner  tube  is  pulled  from 
the  ov\t^  tube,  cover  the  opening  in  the  outer 
tube  with  masking  tape  to  prevent  entry  of  lint 
or  dust.  NOTp:  In  some  rare  instances,  a 
periscope  can  be  repaired  without  pulling  the 
inner  tube,  if  the  defect  is  in  the  upper  tube 
sections.  This  is  possible  because  the  tapered 
section  of  the  outer  tube  is  joined  with  a 
coupling  similar  to  the  main  coupling  at  the 
eyebox. 
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Disassembly  aiul  Repair 

Periscopes  seldom  wear  out;  tlioy  arc  just 
too  well  made.  Kiitry  of  moisture,  careless 
maintenance,  oil  vapor  on  optics,  failure  of 
electrical/electronic  componefits,  unauthorized 
tampering,  juui  misuse  in  service  are  the 
predominant  causes  of  failure.  Periscopes  have 
been  u.sed  tor  lee  pielcs  and  cnn^  openeis  with 
disastrous  results,  and,  if  subjected  to  excessive 
speeds  while  raised,  a  good  portion  of  inner  tube 
disassembly  may  take  place  automatically. 
Discounting  all  problems  caused  by  "the  other 
guy,"  periscopes  require  an  annual  overhaul  as  a 
preventive  measure. 

It  is  hard  to  imagine  the  degree  of  precision 
ill  periscope  construction  unless  you  have 
actually  worked  on  these  instruments.  For 
instance,  when  the  left  (elevation)  handle  is 
rotated  slightly,  the  ro.tation  is  transmitted 
through  4  spur  gears,  2  sets  of  bevel  gehrs, 
numerous  universal  joints,  35  to  40  feet  of 
shafting,  a  self-centering  coupling  to  a  worm  and 
sector  attached  to  the.  head  prism  mount.  When 
the  handle  is  turned,  the  headtprism  moves;  lost 
motion  or  backlash  is  practically  nonexistent. 

You  must  use  the  same  degree  of  care  and 
skill  in  your  work  on  periscopes  as  the 
manufacturer  used  in  designing  and  constructing 
the  instruments.  The  way  to  obtain  this  skill  is 
through  experience  in  assisting  with  periscope 
repair  jobs.  - 

Periscope  repair  is  seldom  possible  by  an 
individual.  You  need  three  hands-  or  you  need 
to  be  in  two  places  at  once,  A  team  of  three  or\ 
four  people  usually  strips  an  inner  tube.  No 
starting  point  is  specified,  but  the  following 
steps  need  to  be  performed  before  inner  tube 
sections  can  be  separated.  * 

•  On  type  8  and  15  periscopes,  remove  the 
retainers  which  secure  the  radar  waveguide  and 
various  antenna  cables  or  conduits  to  the  inner 
tube  flanges.  These  cojjiponents  are  usually 
lifted  off  as  a  unit  and  set  in  racks  under  the 
periscope  rail.  NOTE:  Portable,  c6mi)artmented 
parts  trays  hold  the  varioHsnufs,  bolts,  washers, 
and  retainers. 


•  Remove  electrical  wiriwg  from  terminal 
blocks  on  appropriate  inner  tube  sections  and 
place  the  wiring  harness  in  racks  on  the 
periscope  rnil. 

•  Remove  shafting  for  the  focusing  erector 
and  head  prism.  On  type  2  iKMiscopes,  remove 
split  lens  in-out  shaft  and  range  shaft. 

NOTi;:  Many  of  the  components  listed 
abovt^'are  shown  in  figure  1  2-19. 

CAUTION:  Shafts  are  separated  at  universid 
joints.  I'he  shaft  and  joint  sections  arc  held 
together  with  taper  pins  or,  in  some  cases,  a  key 
and  keyway.  You  must  firmly  support  the 
U-joint  while  tapping  out  the  taper  pin.  Tape  the 
pin  to  the  U-joint  if  it  is  to  be  reused. 

•  Release  tension  on  the  power  Shift  tapes. 
(See  fig.  12-19.)  Remove  the  tapes  from  the 
power  sliift  rftcks  above  t,he  eyebox  and  at  the 
head  section.  Now,  you  can  pull  the  tapes  from 
the  irmer  tube  guides  and  roll  tliem  carefully  in  a 
6-  or  7-inch  roll. 

'  .  Now,  you  can  separate  the  various  inner 
tube  sections,  as  necessary,  to  gain  access  to  the 
optics  and  focusing  erector,  skeleton  head,  and, 
in  the  type  2,  the  split  lens  mechanism.  " 

Inner  tubes  arc  held  together  with  six 
self-locking' socket  head  cap  screws  per  section. 
Support  assembled  sections' in  V-bloc*s,  as  you 
remove  the  shorter  sections,  to  avoid  dropping 
any  portion  of  the  inner  tube  structure.  Any 
sudden  drop,  even  though  it  may  only  be  3 
inches,  is  often  enough  to  chip  a  $200  lens.  As 
you  pull  each  inner  t.ube  section  apart,  cover  the 
open  ends  with  masking  tape  to  keep  out  hnt  or 
dust. 

Inner f'tube  sections  arc  numbered  to  show 
their  locsltion  in  the  periscope,  since  Some  of 
them  are  so  similar,  that  improper  reassemWy  is 
possible.  The  shop  that  performs  the  first 
overh.aul  on  a:  scope  numbers  the  inner  tube' 
sections  p^ior  to  disassembly. 

•  Carefully  remove  and  mark  the  various 
lenses.  (.Refer  fo  fig.  I2-.3.)  The  high  power 

'^  ^  7  '         "  .  . 
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objective  ami  cfectors  are  mouiUeil  in  adjustable 
cells.  The  telemeter,  field  tiattener,  and 
collectors  are  retained  in  their  respective  tube 
sections.  NOTEv:  Hie  sixth  erector  (focusing 
erector)  is  a  sej>«rate  unit.  The  fifth  erector  in 
type  2  periscopes  is  the  split  lens  mechanism. 

•  Disassemble  the  eye  box  component 
asi^embly.  A  type  15  eyebex  shown  in  figure 
12-20,  which  is  quite  similar  to  the  type  8. 
Components  of  the  type  2  eyebox  are  somewhat 
different  since  attack  periscopes  do  not  have  a 
synchro  mechanism  or  antenna  waveguide  and 
cables.  The  type  2  eyebox  also  has  provision  for 
two  additional  control  shafts.  (Split  lens  drive 
and  stadimeter  in-out  drive.) 

Be  extremely  carefvil  when  removing  the 
stuffing  box  assemblies  (47,  59,  95,  107)  since 
they  can  be  withdrawn  only  from  the  inside  of 
the  eyebox.  Do  not  damage  any  0-ring  seats. 

•  Disassemble  the  focusing  erector 
assembly.  Tlie  exploded  view  shown  in  figure 
1 2-21  is  common  to  all  periscopes.  If  there  is  no 
damage  to  the  focusing  erector  assembly,  or  if 
lubrication  or  adjustment  is  not  necessary,  you 
can  remove  the  lenses  for  cleaning  vi^ithout 
taking  the  entile  mechanism  apart. 

•  Remove  the  screw  (44)  from  the  housing 
(46)  and  raise  the  lens  mount  (43)  by  turning 
the  universal  joint  (2)  until  the  setscrew  (37)  is 
visible  througli  the  housing.  Af  ter  loosening  the 
setscrew,  remove  the  lenses  in  the  usual  martner. 

If  complete  disassembly  is  required  for  any 
reason,  remove  the  upper  and  lower  bearing 
plates,  retainers,  and  clamj^s.  Slide  the  rest  of 
the  assembly  out  the  bottom  of  the  housing. 
Mark  all  components  you  remove,  if  not 
damaged,  so  you  can  replace  them  in  their 
original  positions. 

Notice  the  extensive  use  of  dowel  pins  in  the 
focusing  erector  mechanism,  The  dowels 
maintain  alignment  of  the  three  lead  screws  (35) 
throughout  the  full  travel  of  the  lens  mount 
(43),  which  is  over  10  inches.  If  the  leadlcrews 
were  not  perfectly  parallel  with  each  other,  the 
lens  mount  would  bind,  and,  if  thci  lead  screws 


were  not  parallel  with  the  outer  housing,  the  line 
of  sight  would  not  correspond  with  the 
mechanical  axis  of  the  periscope. 

Other  alignment  problems  occur  because  the 
multiple  lead  threads  are  machin^  on  the  lead 
screws.  When  the  lead  screws  are  inserted  into 
the  lead  screw  nuts  (36),  you  must  catch  the 

correct  lead  so  the  T)inion  gears  (29)  will  mesh   

properly  with  the  drive  gear  ( 1 9).  Also^  bear  in 
mind  that  the  shoulders  on  the  pinion  ^ears 
should  be  equidistant  from  the  face  of  the  drive 
gear  when  the  unit  is  assembled/ 

r 

Clamp  the  stops  (33)  to  one  lead  );crew  to 
limit  travel  of  the  lens  mount  and  to  prevent  the 
lens  mount  from  being  turned  off  the  ends  of 
the  lead  screws.  Set  the  lower  stop  about  two 
threads  from  the  end  face  of  the  lead  scr^^^^^^^ 
threads,  and  clamp  the  upper  stop  about  1  inch 
from  the  upi>er  end  of  the  lead  screw.  Final 
positioning  of  the  upper  stop  is  done  during 
final  assembly  and  collimation. 

If  you  replace  any  parts  in  the  focusing 
erector  assembly,  test  the  entire  unit  for  binding 
or  excessive  play  by  assembling  tlfe  unit,  using 
setscrews  to  secure  components,  Once  you  ^ 
verify  proper  operation,  drill  and  install  dowel 
or  taper  pins. 

•  Disassemble  the  skeleton  head  assembly, 
The  skeleton  head  Shown  in  figure  12-22  is  from 
a  type  2  scope.  Tlie  skeleton  heads  used  on  type 
8  and  15  periscopes  are  similar  in  function  but 
different  in  detail,  and  about  three  times  larger. 

As  you  can  see  in  figure  12-22,  a  periscope 
skeleton  head  is  somewhat  more  complicated 
than  the  average  snap-together  model  kit. 
Fortunately,  it  is  seldom  necessary  to' 
completely  disassemble  one  of  these  units, 
except  when  seawater  enters  and  contaminates 
the  assembly,  or  when  a  head  prism  breaks^ 
spreading  fine  glass  particles  through  th^ 
mechanism.  Any  opticalrhan  can  replace  head 
prisms  and  Galilean  eyelenses  or  objectives,  but 
only  a  highly  skilled  t'epairman  can  accomfflish  a 
complete  disassembly. 

All  rotating  or  pivoting  elements  of  the 
skeleton  head  are  supported  by  ball  bearings 
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which  provide  iViction  ifreiTlnovenient.  These 
bearings,  are  cither  slightly  preloaded  or 
maehined  to  /.o-ro  clearance  tp  eliminate  any  end 
play.  Cleanliness  and  proper  liibricatlon  of 
bcyirings  and  bearing  surfaces  are  essential  to 

'maintain  >he  precision  of  thp  skeleton  head. 

Sinv't  the  Cialile^jn  ttlescope  shiVts  in  and  ont 

^of  the  line  of  sight,  the  Galilean  cytlens  cnhe 
(79)  has  seyerah  adjustmetits  to  alrgn  the 
^low-power  line  of  sight  wjth  the  high-power 
system.  Jn^  (lalilean  cyelcns  (84)  is  hekl  in  a 
lens  mount  C85)  which  screws' in  aiUl  out  oi^an 

-adjusting  nut  (8!)  to  provide-  a  parallax 
SltyiiStment;  The  screw  holes  in  the  adjustiijg'put 
(81)  are  elongated  so  the  adjusting  nut  can  he 
pivoted  left  aod  right  around  a  dowel  j^in  (80)  tq 
eliminate  displaconknit  of  the  line  of  si|jht  wh^n 
the  periscope  i's  shifted  from  higli  pdw^jr  to  low 
power.  Detent*  springs  (70)  hold  the  tVo  cube??^ 
in  either  the  high-pow<jr  or  low-pij^t^  positions. 

The  Basic  elevation  mecljanisnv^Conipenents 
in  the  skeleton" head  :onsisf  of  a  shaft  (67), 
coupling  (59),  and  y^rm  and  Worm  gear 
assctjibly  (37).  As^iocmted  bearings,  spacers, 

"pins,  \nd  retainers  can  readily  be  seen  in  fi^iqe 

f  [  2-22.  It  is  important  to  note  that  the' worm  and 


worm  gear  (3^)  make  up  a  matched  set,  and" 
must  be  replaced,  if  necessary,  with  another  set. 
The  elevation  stops  in  the  skeleton  head  consist 
of  a  nut  (60).  §tops  (56),  and  coupling  (59).  The 
stops  (56)  are  pinned  (o  a  coupling  (59)  which  is 
Tree  to  rotate.  Rotation  of  the  coupling^ives  a 
nut  (60)  up  or  down  until  it  contacts  the  upper 
or  lower  stop.  A  nut  guide  (63)  engages  a  slot  in 
\h^.  nut  to  prevent  it  from  rotating,  The 
elevation  stops  in  the  type  skeleton  head  are 
set  to  provicle  1/4^  pf  elevation  overtfavel  at 
+74''  and  - 1  O^r  To  prevent  damage  to  this 
delicate  mechanism, 4he  stqps  in  the  left^tfilinin^ 
handle  should  engajajp  before -the  stops  in  the 
skeleton  head. ^  ,  ^ 

After  reassembling  the*- skeleton  headsOtf 
type  8  and  type  15  periscopes,  ypu  miiist  make 
several  other  inHX)rtant  test^.  Since" the^f^copes 
are  •ui?e.d  for  celestial  navigation,  the  ze^o 
elevation  position  of*  the  head  prism  must 
established;  Jhe^  head  sync)ir6  must  be  aligned 
electrically^  to  rea'd  zert)  elevation.  ^ and  'a 
backlash  test  must-  Jbe^m  on  the  elevation 
mechanism »  • 

these  tests  adjustments  are  necessary  so 
that  the  navigator  of  the  suljtiiarine  will  know 
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1.  Scnw 

2».  Sctew 

55.  collar 

81.  Nut,  Adjusting 

29,  Retainer,  Prism 

V 

56.  Stop 

82.ScfeW 

).  Bracket,  Spring 

3a  Retainer,  Vtinm 

57,  Pin,  Ta|>er 

83.  Screw,  Set  ^ 

4.  Shift,  Spring 

31,  Screw 

58.  PinnTatHtr 

84«  Eyepiece,  Galilean 

3.  Spring,  Exipniion  . 

31  Pin 

59.  Coupling  m 

85,  Mountt  Leni 

6.  R»tain«i,  Spring 

33.  Sha<le.  Sun 

6a  Nut  ' 

86.  Screw 

7,  Ring,  Ketalnlng 

34.  Wire.  Prism  Shade 

61.  Screw 

87.  Pin.  Stoi> 

8«  1  mutator 

35.  Mount,  llead  Prifim 

62.  Lockwasher 

88.  Ring>  Retaining 

9.  S€r«w 

36.  Pin,  lapDi 

63.  (fUidc  nut 

89«  PIHi  Cube  Pivot 

lOl  T«imina] 

37.  Wwm  A  Worm  (^ea^  A.lty 

64.  Bearing,  Flanged  Nylon 

90.  Spacer 

itt4»w4t^  llHmno 

38^.  Screw  . 

^5.  Waiher 

^l.Piir.eubePtrot- 

12.  Sett ff 

39.  Screw,  Set 

66.  Screw 

9}.  Screw 

\y  Spring,  Compr«Mion 

4a  Pin,  Taper 

67.  Shaft,  Coupling 

93,  Pin^'Stop  . 

14.  Wither 

41.  Ring,  Retaining 

6  a  S<.rew 

4^94.  Bearing 

15.  Screw  ' 

16.  RetilnerWiro 

42.  Spacer,  Shim 

69.  Stdp,  Cube  * 

95.  Cube,  Galilean  Objeclive 

43.  Bearing 

7a  Spring,  Cube 

%.  Objective,  <;;alilean 

17.  Retainer  Wire 

44.  Shaft,  Prism  Pivot 

71.  Pin 

97.' Retainer,  Lens 

IB.  Screw 

19.  ScreV  ' 

45.  Spacer 

72.  Pin 

98.  Cube  Shifting  Rack  Assy 

46.  Bearing 

73,  Pin,  Dowel 

99.  Rack,  Cube  Shifting  w 

la  Counterweight 

47.  Spacer 

74,  Ring,  Retaiidng 

lOa  Pinion  A 

21.  Ring,  Retaining 

48,  Locknut 

75.  Pin.  C^ibe  Pivot 

101.  Pln,^  Dowel 

22.  Retainer,  Spring 

49,  Ring.  Retaining 

76.  Spacer 

102.  Bracket,  Pinion  ^ 

23.  Shaft,  Spring      .  ^  ^ 

5a  Spacer,  Shim  ^ 

77.  Pin,  CuIk)  Pivot 

103.  Screw 

24.  Screw 

51.  Bearing 

78.  Bearings 

104.  Pin,  Dowel 

25.  Bracket.  Spring 

52.  Bearing,  I'langcd 

79.  Cut>o,  Galilean  t^yepiece 

105.  Retainer,  Rack 

26.  Priitn,  llead 

53.  Spacer 

8a  Pin,  Dowel 

106.  Screw 

27.  Retaifier,  Krium 

•  54.  Pin,Ta|>er 

Legend  for  figure  12-22. 


how  much  error  to  expect  for  any  angle  of 
elevation.  You  will  find  tables  and  procedures 
for  conducting  the  elevation  tests  and 
adjustments  in  the  appropriate  periscope 
technical  manuals  and  in  NAVSHIPS  0924  001  ^ 
OOOO  ^Altiscope  Angle  Cofiipanitor). 

•  DisasstJ inblti^  the  stadimeter  lens  * 
mechanistt)  assembly/ Remember,  the  stadimeter 
assembli^  (fig,  I  2-23).  is  found  only  on  type  2 
periscopes.  The  precision  of  machining  "and  fit 
which  was  necessary  in  the  skeleton  head  also 
applies  to  this  mechanism.  Mark  all  the  p^irts 
you  remove  as  an  aid  to  reassembly. 

Sever^  problems  of  mechanical  and  optical 
alignment  are  unique  to  this  assembly. -First  of 
all,  bey)?l  gears  are  used  to  op^erate  the  spfiTlens 
^and  to  shift'  from  sj^lit  lens  to  splid  erector. 
M^Viinjj  of  these  gears  must  be  perfect"  to 
^lln)inate  backlash,  Secondly,  vi^ hen  the  cjjbe  is 
shifted'  from  solid  to  splif^iens  and  vicp  versa;^ 
displtfce'tnfcnt  of  the  line  of  sight  must  net- 
exceed  ±S  minutes  M"  arp.'^thirdly,  the^l^^  s 
and  solid  erector  must  be  parfocalized.  (focaL, 
lengths,  of  the  lensfes^  m^ist  be.  equal)*  within 


±0.5  mm  of  focal  length.  Since  the  split  fens  is 
more  expensive*  and  more  complex,  adjustmient 
is  made  by  machifting  spacers  in  the  solid  erector 
or  by  replacing  both  solid  erector  elements.<> 
Finally,  and  most  difricult,  when  the  cam  gear 
(21)  is  turned  t<)  ^bperate  the  split  lens,  a 
rotation  of  a  set  number  of  degrees  mus<  result 
in  a  rigidly  specified  movement  of  the  two  split 
lenses.  The  tolerance  Sl|o*ved  for  this  movement 
must  be  within  ±0.0003  inch.  *^ 

Tliere  is  nothing  simple  about  any  work 
pe/formed  on  the  stadimeter  \er\s  mechanism 
assembly.  You  will  need  a  high  degree  of  skill* 
arJd  patienc<?  to  disassemble,  repair,  reassemble, 
:  and  adjust  this  unit.  «You  must  strictly  adhere  to 
,t'he  step  by  step,  nrocedure  outlined  in 
NAVSHiPS  324-0487/ 


jC^eanhig^  * 


-Soine  cleaning  of  optics  and  mechanical 
pojtnponontSi  such  as  skeleton  head,  6th  erector^ 
eyepiece  box,  an^  Split  lens,  is  done  during  the 

•  repair;  and  reassembly  "  phase  of  overhauling 
ind1vidi»l.|>eriscope  assemblies.  It  is  a^>$olutely 

^^ess^ntfaV  thaf  <all    possible    forhis  of 
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1  Simw 

24  Baarind  Flanoaci 

^o>  oracneif  vwioni 

2.  (Soi%f,  L«nt  Mount 

26  Bracket  Pinion 

*f /.  oiuQ,  noifer 

3.  Er«ctor,  Split,  Flint 

26.  Pin  Taoar 

Ho»  Oftavai 

4.  Ertctor,  Split  Crown 

27.  Joint,  Univtrtal 

49  Pin  T^ner 

~  w  •  rill,   1  v^^vf 

5.  ScUw 

28.  Dowel,  Locating 

W.   WVf  II  l|| 

6.  Pin,  Dowel 

29.  Scraw 

oi.  niny,  neiaming 

7.  Mount,  Lens 

30.  Joint  Univertal 

oa.  r  in,  opring 

8.  Mounts  Lens 

31  Pin  Taoar 

  Du.upringr-CxiBnsiun 

9.  dip,  Ltns 

32.  Shaft 

o*f»  nnion^  i/eveni 

10.  aip.  Lens 

33.  Baaring,  Flanged 

Pin  Tst^Ar 
VV.  rlli^   1  afffff 

11.  Screw 

34.  Plate,  Bumper 

ov.  o|iaoor 

12.  Screw 

35.  Stop 

¥%7  Rimrlnn  f^lAnryid 

4J  /  .   ^rPwf|f  II 1^,    ■  |<fP  l^fvW 

13.  Pin,  Dowel 

36.  Ring,  Retaining 

14.  Rail 

37.  Hate,  Stop 

(#«F.  V7IIIWl«i«l 

15.  Support,  Mount 

38.  Screw 

60.  Screw 

16.  Pin,  Jbp^t  • 

39  Pin  Dowel  ' 

O  1.  rlVOi 

17.  Retainer,  Cam, 

40.>Vng,  Retaining 

62.  Washer 

18.  Guid9,  Mount 

4t  Shaft 

63.  Scraw 

19.  Folio  war.  Cam 

42.  BaHring 

64v  Pin,  Dowel 

20.  Shoe 

43.  Adapter  , 

65.  Oaar,  Datent 

21.  Gaar,  Cam 

44.  Scraw 

66.>in,  Dowel 

22.  Pinion,  Baval 

45.  Pin,  Taper 

67.  Mount,  Stad. 

23.  Spacer,  Pinion 

68.  Washer,  Lock 

69.  Screw 

70.  Spacar 

71.  Baaring 

72.  Screw 

73.  Spacar,  Baaring 

74.  Screw 

75.  Gaar,  Driving 

76.  Pin,  Dowel 

77.  Pin,  Dowal 

78.  Gear,  bav^l 

79.  Retainer,  Baaring 

80.  Scraw 

81.  Stop 

82.  Spacar,  Lens 

83.  Eractor,  Crown 

84.  Spacar 

85.  Erector,  Flint 

86.  Spacar,  Lans  C 

87.  Cover,  Lans 

88.  Scraw 

89.  Skeleton,  Stadimatar 


Legend  for  figure  12  23. 


the  tube  sections  until  you  are  ready  to  install 
the  lens  mounts. 


minutes  to  a  whole  day  to  satisfactorily  clean 
tbe  telemeter. 


The    procedure    for   cleaning    lenses  ^as 
covered  in  Chapter  7  of  this  manual.  Cleaning, 
periscope  optics  presents  several  other  problems. 

.  ♦    The  erectors  are  quite  large  and  acetone 
will  leave  streaks  if  you  are  not  careful. 

« 

Since  the  optics  dre  stacked  up,  any  dirt 
in  the  tube  sections  will  fall  on  the  lenses  and  be 
visible. 

•  ♦  Due  to  thS^ travel  of  the  focusing  erector^ 
the  surface  of  all  lenses  in  the  vscope  can  be  seen 
at  various  times  when  the  erector  is  being 
crafikecf  from  normal  viewing  pOvSition  to  camera 
position. 

♦  ^ 

•  Tlie  telemeter  must  be  super  spotless— no 
scratches,  no  streaks,  no  lint-absolute 
cleanliness  is  the  minimum  requirement.  Even  in 
the  clean  room,  it  can  tal^^ywhej^  from^lS  . 


The  telemeter  lens  mount  for  a  type  IS'* 
periscope  is  shown  in  figure  1 2-24.  This 
arrangement  is  similar  to  that  used  on  the  type  2 
and  8  *tt5pes.  Parts  3  and  5  are  the  two  elements 
of  the  field  flattener.  They  are  located  in  the 
telemeter^lens  mount.  A  scaling  window  (10)  is 
found  only  on  type  15  periscopes. 

'The  telemeter  lens  .mount  must  be, 
scrupulously  clean  if  you  hope  to  end  up  with  a 
clean*'  telemeter  when  the  scope  is  assembled. 
Part  r6  in  figure  12-24  is  a  fine  me^i  air  filter. 
Since  nitrogen  must  be  free  to  circulate  abound 
at!  optics  in  the  scope,  the  filter  allows 
circulation  but  prevents  entry  of  dust  or  lint. 

Rea$$embl3^d  Collimation 

A  si^bmarine  periscope  has  many  separate 
collimation  requirements,  including  the  cotfi^on 
requirements,   such    as   parallax^  (ydiopf 
squareness  of  the  telemeter,  and  elevatiort  o 
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1.  LOCK  RINQ,  FIELD  LENS 

2.  RETAINER,  FIEI^D  LENS 
a  FLATTENER.  FIELD 

4.  SPACER  Jil ELD  LENS 

5.  FLATTeTkR,  FIELD 

6.  SETSCREW 

7.  RETAINER,  TELEMETER 
LENS  MOUNf 

a  LOCKRINQ,  TELEMETER 
LENS 

9.  RETAINER,  SEALING 
PLATE 


10.  SEALING  PLATE, 
TELEMETER' 

11.  MOUNT,  SEALING  ^ 
fLATE 

12.  SETSCREW 

13.  RETAINER,  TELEMETER 
LENS 

15.  TELEMETER  LENS 

15.  FILTER,  RED 

16.  FILTER,  AIR  , 

17.  M0UNT,'AIR  FILTER 

18.  MOUNT,  TELEMETER 
LENS 


Flgurt  12-24.-Ttltmtt«r,ltni  mount 
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liiie  of  .sight.  It  also  has  a  few  uncommon 
coliimatibn  requirements,  such  as  nitrogen 
compensation,  rehiy  system  collimation, 
^  stadimetcr  colhmation,  and  displacement. 
Collimatton  of  various  subassemblies  is  done 
during  and  in  conjunction  with  reassembly. 

4^h«~  subnwrine  periscope  collimator  is 
designed  to  reproduce  the  various  collimation 
distances  optically.  Place  the  collimator  target 
in  a  threaded  tube  so  you  can  move  the  target  in 
relation  to  the  collimator  objective.  A  scale 
engraved  on  the  collimator  body  shows  the 
various  available  distances.  Use  the  distances 
shown  below  in  collimating  the  various 
periscopes  in  air  to  compensate  for  the 
^  introduction  of  nitrogen, 

i 


Periscppe  Distance  (feet) 

(HP)  (LP) 

2p,2E,2F  3J7I  49 

8B,  8C,  15B,  I5D      3J7I     52  . 

Keep  in  mind  that  these  distances  shown  apply 
-  only  to  the  assembled  periscope^  the  procedure-- 
for  colliniating  subassemblies-will  follow. 

FIRST  ERECTOR  AND  HIGH  POWER 
OBJECTIVE.-With  the  liigh  power  objective, 
field  flattener,  telemeter,  and  first  erector 
installed  in  the  first  and  second  inner  taper 
tiUjes,  place  the  tubes  on  the  periscope  rail  in 
line  with  the  periscope  collimator,  as  shown  in 
figure  12-25.  With  an  auxiliary  telescope  set  to 


T 


Figurt  12*2B.-*-Primiry  ooUimation. 
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your  eye,  move  the  tlrst  erector  until  the 
felemeter  appears  sharply  derinecl."  Sei  the 
periscope  collimator  to  the  prescribed  distance 
for  high  power  collmiation  oC  t}^  particular  ty|"K; 
of  periscope  you  are  working  on.  Adjust  the 
high  power  objective  so,  that  images  oC  the 
collimator  reticle  and  telemeter  appear  in  the 
siime  plane  (no  parallax}.  NQTL:  For  proper 
magnification  of  the  high  poWer  system  (and 
optimum  accuracy  of  the\anging  mechanism), 
the  focal  lengths  of  the  first  ami  second  erectors 
must  not  differ  more  than  \%  ( I  2  mm),  and  the 
foc«)l  length  of  the  third  and  fourth  <irectors 
must  not  differ  more  than  l%.(!  2  mm). 

To-  provic^K  the  correct  image  plane 
references  for  collimating  in  air,  use  a  special 
crosswire  fixture 'Similar  to  that  shown  in  figure 
l'^""^.  "ilakjng  these  fixtures 

for  different  periscopes  are  in  the  appropriate 
peri.scope  technical  manual. 

SIXOND  KRFCTORx  Replace  the  first 
collector  lens  .mount  with  the  appropriate 
crtisswire  fixture.  With  the  second  trecto.t 
installed,  reconnect  the  tirst  and  setwnd  inner 
tubes.  Si*;h ting  through  the  second  ereiSvr  with 
an  auxiliary  teltscope,  move  the  eil>ct^  to 
remove     parallax    between    the  collimator 


f  ERIC 


Fifluro  12-26.-Tvplcal  crouwire  fixture 


/ 


148.359 


telescope    reticle   (set    at    infinity)   and  (he 
crosswire.  * 

THIRD  ERIK  TOR.  Install  the  third  erector 
111  the  lower  end  of  the  third  inner  Vube  and  the 
appropriate  crosswire  fixture  in  the  upper  end  of  ' 
the  third  inner  tube.  Sighting  through  the  third 
erector  witfi  the  auxiliary,  mxjvc  the  erector  to 
.remove  parallax  (collimator  set.at  infinity^ 


X 

n 


l-OURTH  I'RIXTOH.  Install  the  fourth 
erector  in  the  lower  end  of  the  fourth  inner 
tube.  Install  the  appropriate  crosswire  fixture  irf 
the  lower  end  of  inner  tube  No.  5.  Sight  through 
the  fourth  erector  and  remove  parallax 
(collimator  set  at  infinity). 

FITTH  HRIiCTOR.  Install  the  ap\)ropriate 
crosswire  fixture  into  the  top  of  the  si^th  inner 
tiff)e,  Place  the  tube  and  the  stadiinetcir  lens 
mechanism  assembly  on  the  periscope  vrail  so 
that  the  fifth  erectof  is  adjacent  to  the  lower 
end  of  the  sixth  inner  tube.  Sighting  through  the 
mu  erector,  with  the  collimator  sei  at  infinity,  • 
remove  parallax  on  the  Cfosswire  by  shifting  the 
entire  split  lens  mechanism  closer  iopr  farUier 
from  the  lower  end  of  the  sixth  tfiner  tift>6. 
Wliep  parallax 'is  removed,  accurately  measure 
thtj  distance  betweenVhe  flanges  of  inner  tube 
No.  6  and  the  stadinieter  lens  assembly. 

STADI,i^ETER    SPLIT   LENS,-  The  fifth 
erector  and  the  stadimeter  split  lens  must  be' 
partbcali5^,<;d  (have  their  focal  planes  at  the  samo^ 
point)  to  the  point  established  by  the  crosswire 
fixture  ar  th©  upper  end  of  the  sixth  inner  tube. 
Useahe  sarrfc  setup  as  fbr  the  fifth  erecjor, 
except  that  the  split  lens  is  in  the  line  of  sight! 
Remove  parallax  again  by  shifting  the  stadimeter' 
lens  mechanism  back  and  fortli.  Measure%he 
distance    betweefc    the    flanges.    It  should 
correspond,  withji  ±0.-5  mm,  to  the  distanc<|  . 
measured  for  the  fifth  erector.  If  it  does  not, 
shift  the  fifth  erector  in  its  mount  until  the 
measurements  corres|X)iid.  These  measurements 
cTetermine  the  size  of  the  spacer  between  the 
flanges    of  the  sij^th   inner  tube  and  the 
stadimeter    lens    mechanism.    NOTE:  ^The 
foregoing  procedpre  for  the  5tH  -erector/split 
lens  applies  only  to  type.2  periscopes.  The  fifth- 
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cre^or    on    typo    8   ancr-\V5    periscopes  is 
tolliinatcci  like  the  upper  crect\^rs. 

When  each  of  the  erectors  4«  colli  ma  ted, 
remove  the  crosswire  fixtures  mu\  seal  the  open 
ends  of  tlie  tube  sections  with  masking  tape  Set 
the  sections  aside  until  ready  for  final  assembly. 

-  CORRHIT  DIOPTHR  SKTriNt..  Assemble 
the  focusing  erector  assembly,  lower  taper  tube, 
eyepiece  box,  and  eyepiece  on  the  periscope  rail 
and  focus  sharply  on  the  collimator  (at  infinity), 
using  an  auxiliary  telescope.  This  is  the  0-diopter 
setting  in  air  and  must  be. adjusted  for  0-diopters 
when  tlie  (xiriscope  is  charged  with  nitrogen. 

►  Make  the  adjustment  by  moving  the  6th  erector 
a  specified  distance  towardJJ)e  collimator.  The 
dijitance  will  vary  with  each  type  of  periscope. 
Nbw,  set  the  upper  stop  of  the  focusing  erector 
assembly  to  allow  +1.65  diopters  focus  travel 
when  4he  periscope  is  charged.  Adjust  the  stop 
as  specified  in  the  appropriate  technical  manual. 
Check  the  lower  stop  position  also  at  this  time. 
Adjust  the  focus  knob>  if  necessary,  to  read 
(kliopters. 

SQUARi:  the:  telemeter  and  check 

TRAVEL  OF  THE  HEAD  PRISM. -On  type  2 
periscopes,  assemble  all  tube  sections  from  the 
split  lens  mechanism  through  the  eyebox.  You 
now 'have  to  align  the  split  lens  to  the  eyebox, 
Place  a  leveled  transit  at  the  end  of  the  periscope 
rail  so  you  can  sight  the  sj>lj|  lens.  Place  a 
machimst's  square  on  the  eyebox  staunching 
plate*  (90  in  fig.  12-20),  With  the  transit,  sight 
the  vertical  edge  of  the  square  and  rotate  the 
eyebox  to  align  the  square  with  the  transit  . 
crossline.  Now,  swing  the  transit  down  and  focus 
on  the  split  lens.  If  the  split  lens  is  not  perfectly 
aligned  with  the  transit  crossline,  rotate  the  split 
lens  mechanism  or  inner  tube  sections  to  obtain 
alignmenti  NOTE:  Do  not  disturb  the  position 
of  tlm  eyebox. 

When  you  have  aligned  the  split  lens  with 
the  eyebox,  secure  all  tube|||jCtions  and  install 
dowel  pins.  .  -  ♦ 

On  all  types  of  periscopes,  after  you  have 
colljmated  the  individual  erectors,  assemble  the 
remaining  inner  tube  sections,  rpplace  Ihe 
shafting,  install  the  skeleton  head,  te place  the 
power  shift  tapos,  and  install  the  handjes. 
NOTE:  If  new  tapes  .are  used,  they  must  be 


prestressed  as  specified  in  the  appropriat*e 
technical  manual  to  prevent  unwanted  stretching 
while  in  service. 

When  squaring  the  telemeter  of  a  tyi>e  2 
pcHscope,  operate  the  split  lens  mechanism  to 
open  the  split  lens.  If  the  telemeter  is  not 
squared,  you  will  have  duplication  of  tUe  vertical 
line  of  the  tclcmeTer,  as  seen  m  fl^iTC  I1-27A. 
Loosen  the  screws  which  secure  the  telemeter 


A.  DUPLICATION  OF 
VERTICAL  CROSSLINE 


B,  NO  DUPLICATION 
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Figure  lJl!-27. -Duplication  oh«clc. 
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mouiH  ami  rotate  the  telemeter  mount  until 
duplication  is  o'liminatexl  (fig.  12'27B).  Secure*^ 
tho  tolonictoi  ;iml  return  tin.'  split  lens  to  its 
original  position. 

To  chock  tho  twvol  of  the  head  prism,  set 
tho  collimator  to  the  HP  ilistance  discussect  in 
the  section  on  reassembly  and  collimation  and 
align,  the  collimator  with  th_e  skcktoii  head.  (Ee 
sure  the  periscope  is  sot  in  high  power.)  Now 
rotate    the    collinuitor    45°    and    align  the 
intorsoctioa  of  tho  collimator  crosslines  with  the 
telemeter  vertical  line  as  shown  in  figure  I  2-28. 
By  elevating  and  depressing  the  line  of.sight  to 
the  extreme  edges  of  the  collimator  field,  check 
to  sec  that  (he  int4.'rscction  of  the  collimator 
target    remains    perfectly    aligned    with  the 
telemeter  vertical  line   If  the  collimator  target 
appears  to  track  to  either  side  of  the  telemeter  " 
vertical  line  at  opposite  edges  of  the  field,  the 
rotational  axis  of  the  head  prism  is  not  properly 
oriented.   NOTh    Make  this  check  with  an 
auxiliary  telescope  to  magnify  the  telemeter  and 
collimator  images  so  you  can  more  accurately 
determine  if  a  possible  error  can  be  made. 

If  you  do  not  have  perfect  tracking  of  the 
line. of  sight,  reposition  the  skeleton  head  and/or 
inner  tube  sections  above   the   telemeter  by 
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Figure  12  28.-Collimator  in  rotated  po<ition'<HP). 


reniTwing  dowel  pins  and  loosening  the  securing 
bolts'  bet^veen  sections.  ♦  After  r6tating  the 
skeleton  he^4  sHglrtly,  recheck  the  tracking  of 
the  line  of  sjght.  Continue  to  reposition  the 
skeleton  head  and  check  tracking  until  perfect 
coincidence  of  the  collimator  and  telemeter  is 
evident  through  the  full  visible  travel  of  the  line 
of  sight.  NOTE:  U  you  eamiot  t)btnin  the 
necessary  coincidence  by  rotating  components 
abovif'  the  telemeter,  loosen  .one  or  more  joints 
bcl^W  the  jlelemeter.  If  you  must  loosen  the 
joints,  you  will  need  to  square  the  telemeter  to 
the.  split  lens  again  before  you  check  tracking  of 
the  line  of  sight. 

After  obtaining!  proper  tracking  of  the  line 
of  sight,  secure  all  tube  sections  and  iHJplace  the 
^dowel  pins. 

^  For'  type'^S  and  type  15  periscopes,  set  a 
levieled  transit  below  the  eyebox  in  line  with  the 
axis  of  the  periscoi>e.  Set  a  machinist's  square  on 
the  eyebox  staunching  plate  and  rotate  the 
periscope  until  the  edge  of  the  square  is  aligned 
with  the  transit  crosslink.  Now  shift  the  line  of 
sight  and-  focus  on  the  edge  of  the  head  prism.  If 
the  prism  edge  aligns  with  the^lransit  crosStine, 
there  is  no  problem.  If  perfect  ajjgnnient  is  not 
apparent,  proceed  Vvjth  repositioning  the 
skeleton  head  as  was  done  in  the  t^  2 
periscope. 

After  yoy  have  properly  oriented  the  head 
prism  to  ^  the  staunching  plate,  square  the 
telemeter  to  the  travel  of  the  head  prism  by 
observing  the  tracking  of  the  collimator  tUrget 
on  the  telemeter  vertical  line.  If  perfect  tracking 
is  not  evident,  simply  rotate  the  telemeter 
mount  and  recheck.  When  the  collimator  ^ 
crossline  remains  perfectly  superimposed  on  the 
telemeter  vertical  wire,  secure  the  telemeter. 

ELEVATION    OF    THE    LINE  OF 
SIGHT.--Before    making    the    check,  align 
(boresight)  the  collimator  so  th|it  its  line  of  sight 
coincides  with  the  periscope's,  and  square  the. 
colhmator  target  to  the  telemeter.  •  ^ 

The  elevation/depression  check  may  not  be 
accurate  if  the  collimator  is  not  aligned  because 
the  pivot  point  of  the  head  prism  m^not  be 
the  same  as  the  pivot  point  of  "the  collSnator. 
Since  the  collimator  pivot  is  an  eccentric,  it  can 
be  adjusted  the  same  height  above  the 
periscope  collimation  rail  as  that  of  the  head 
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prism  pivot  shaft.  See  figure  12-25  Once'tlie 
pivo>  points  coincide,  make  the  cjevation  and 
depression  tests. 

Swing  the  colUmator  to  the  proper  amount 
of  elevation  for  your  periscope  (60  for  8  and 
15;  74*^  for  2).  The  periscope  must  elevate  so 
that  the  horizorttal  crossline  touches  the 
iiiteisection  of  the  coUimatoi:  cr ossliiies.  Depress  . 
t|]ie  collimator  to  10^.  The  periscoj>e  must  be 
able  to  depresj^  to  -10^,  If  the  periscQpe  will  not 
elevate  or  depress  as  required/  adjust  the 
corres|>onding  stop.  Also  adjust  the  lef^  training 
handle  at  this  time  so  the  handle  graduations 
correspond  with  the  line  of  sight. 

LOW  IWER  BARALLAX.^l^aralla^c  will  be 
introduced  when  the  Galilean  telescope  is 
shifted  intt^  the  line  of  sight  if  the  Galilean, 
eyepiece  lens  mount  is  not  properly  adjusted.  To 
rt^nove  parallax  in  the  low  power  system,  first 
adjust  the  periscope  collimator  to  the  distance 
specitledl,^|pr  the  i>eriscope.  Loosen  the  Galilean 
eyelens  stftsfoj[p\y  gnd  scre'i^^^ttie  eyepiece  in  or, 
out  fit  the  m&unt^  as  req^Hi^d,  to  nsmcJ^ 
parallax.  Therc  is  nO  tolerancq  ^fqr  parallax; 
•remove  any  that  is  detectable.  NOTfekyse  an 
auxiliary  teleicope.  - 

VERTICAL    AND  HORI^ONTALV 
DISPLAC|^MKNT.  OF  THE  CROSSLlNB.-The  >^ 
Hne  of  sight  of  the  Galilean  telescope  must^ 
coincide  with  the  line  of  siglit  of  the  rest  of  the;;^ 
periscope.  If  not,  the  position  of  the  image  will 
change  when  the  periscope  is  sliifted  from  high 
to  low  power  or  vice  versa.  Thei^esult  is  an  error 
in  azimuth  or  bearing  when  you  ^hange  from 
one  powe^  to  the  other 

'To  check  for  displacement,  superimpose  the 
reticle  (with  the. periscope  in  high  power)  on  th'fe 
crossline  of  the  collimator.  Now  shift  the 
periscope  into  low  power  and  set  thQ  collimator 
to  the  low  power  position  for  the  periscope  you 
are  working  on.  Figure  12-29  shows  correct  and 
incorrect  collJTmation  for  displacejmeht. 
Hofizontal  or  vertical  d^splaceme^lt,  or  both, 
niay  appear  in  any  quadrant  bf  the  retfclcf 
NOTE:  Jhe  telemeter  of  type  2  periscopes  does 
not  have  a  horitorttal  linfc  as  dotypfe  8*and  type 
15  tcl^meteis.  Compare  figure  12-57  and  12-29. .  . 
,  To  remove  horizotital  or  -  vertical 
dit>placement,  loosen  the  screws  securing  th^.' 
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Galilean  eyepiece  mount  and  shift  the  Galilean 
eyepiece  laterally  and/or  vertically  to  place  its 
line  of  sight  in  coincidence  with  that  of  the  liigh 
IK)wer  system.  The  maximum  allowable  error  for 
dispU<:ement  is  two  minutes'  horiz6ntal 
displacement  of  the  vertical  crossline  and  ten 
minutes'  vertical  displacement  of  the  horizontal- 
Qrpssline.  There  is  no  reison  .for  you  not  to 
eliqiinftte  a,ll  displacement^     ; .      '  v 

fldjust  the  right  training  handle  so.  the 
detent  and  index  marks  are  prq|>erly  pldcedvT|)c 
tape  tension  adjustment  (figure  12-19)  can  be  of 
benefit  in  ^tdjusting  tKe  handle. 


Studimeier  ColUmation 


*DuriYig  reassembly  of  the  -  split,  lens 
mechanism;  you  tested  the.  assembly  for  proper 
travel  and  backlash*.  Noyr,  with  the  periscope 
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inner  tubes  assembled,  eliminate  any 
displacement  evident  after  siiiftitig  from  the 
solid  5th  erector  to  the  split  lens,  and  make  a 
range  check. 

^  Keplacc  the  stadimeter  on  the  bottom  of  the 
eyebox  and  test  the*  in-out  drive  and  the  range 
knob.  Set  the  collimator  and  periscope  in  high 
power  and  see  if  there  is  any  displat^mervt  in  • 

 the  spliL  lens_  -in  oLjjut.  -Remove 

displaceme^U  by  filing  or  building  up  the  cube 
detent  (65  in  Hg.  1 2-23). 

Prior  to  making  a  range  check,  remove  any 
duplication  of  hojfizontal  or  vertical  lines  on  the 
telemeter.  SimpIV  cover  the  collimator  with 
several  sheets  oMens  tissue  to  block  the 
collimator  target,  Vet  have  illumination. 
NOTE:  Move  one  split  lens  half  at  right  angles  to 
the  split,  which  will  adjust  duplication  of 
•  vertical  line^.  Move  the  other  ^allel  to  tlie  split 
which  will  adjust, duplication  ^lorizontal  lines. 

Th^rc  are  two  methods  to  qheclc  the  hanging 
accuracy  of  the  stadimeter.  One  is  to  operate  the 
split  lens  to  obtain  coincidencfe  of  successive 
marks  on  the  telemeter  vertical  ladder.  (See  fig. 
12-30.)  Tlie  other  is  t|  obtain  coincidence  of. 
successive  marks^  on  th^collimatpr  target: '(Sfee 
fife.  12-31.)  In  the  first  method,  set  the  height 
scale  on  the  stadimeter  dial  for  100  feet.  Using, 
the  second  method,  set  the  height  ^ale  at  20 
feet  to  obtain  range  readings.  NOTE:  All  range  ' 
checks  are  made  with  the  periscope  in  high 
•power. 

Overlap  of  the'  collimator  target,  the  second 
metjiod,  is  the  preferred  method  for  making  a 
range  check.  As  you  can  see  by  comparing  the 
ranges  in  figures  1 2-30  and  12-31,  the  collimator 
ranges  cover,  a  much  wider  available  areav.with  a 
resQiting  increase^in  expected  accuracy.  ^* 
.Accuracy  of  o>prlap  rahges  must  be  within 
^  t2%  at  each  step  in  the  check.  If  for  any  reason 
Granges  do   not   check   out   correctly   or  iC 
duplication  cannot  be  removed,  you  may  need 
to. repeat  the  overhaul  procedure  for  the  split 
lerts  mechanism. 


When  all  collimation  requirements  have  beert 
met,  secure  the  wiring  harnesses  and,  in  the  type- 
8  and  type  15,  the  waveguide  and  antenna 
cables.  Also,  make  a  final/check  of  ail  tube 


section  joint  fasteners,  shafting*niversal  joints, 
and  all  screws  visible  on  the  inner  tube. 

bisert  the  inner  tube  in  the  outer  tube  with 
tjie  eyepiece  facing  down  and  the  head  prism 
facing  up  with  the  scope  in  low  "power,  zero 

,  elevation.  The  inner  tube  must  be  perfectly 
aligned  with  the  outer  tube  and  evenly 
supported  to  prevent  sagging.  As  you  carefully 

— msert  t4^e  innei^tti be  in  thr^iteT  labg,  wipe  alP 
inner  tube  sections  and  flanges  with  acetone  and 
a  lint-free  cloth. 

'Take  parHcular  care  with  the  last  foot  of 
inner  tube  as  it  enters  the  vouter  tube.  The 
0-rings  which  seal  the  scope  are  in  this  area;  the 
threads  of  the  fnain  coupling  must  not  be 
damaged;  and  the  inner  tube  key  must  remain 
aligned  with  the  outer  tube  keyway. 

As  the  inner  and  outer  tubes  come  together, 
rotate  •  the  main  coupling,  by  hand 
counterclockwise  until  you  feel  two'^umps.  This 
indicates  .the  starting  leads  of  the  threads.  One 
person  now  pushes  the  Irottom  of  the  eyeliox 
and  maintains  alignment  between  the  inner  and 
outer  tubes,  while  another  tiglitens  the  main 
coupling.  ' 

Wlien  you  have  rotated  the  coupling  two  or 
three  times,  measure  the  distance  between  the 
coupling  and  tubds-the .  distances  should  be 
within  1/16  inch.  If  the  measurement  is  not 
correct,  you  did  not  catch  the  eyebox  or  outer 
tube  threads  at  the  same  time  the  main  oouphng' 
-was  started.  When  the  coupling  engagement  i§ 
,  correct,  tighten  the  cdupling  with  the  special 
spanner  and  slug  it  tight  with  a  mallet." 

The  final  step  in  periscope  assembly,  and 
collimation  is  to  establish  a  true  optical  iero 
•elevation.  Ih  the  type  8  and^pe  15  periscopes, 
the  head  sylichro  was  electHWly  aligned  with 
the  mechanical  zero  of  the  iiad  prism,  but  no 
-such  check  is  made  on  the  tj^e  2  scopes.  Also, 
due  to  the  thickness  and  mounting  angle  oT 
periscope  head  Windows,  somi  optical 
displacement  will  be  present  and  Stfust  be 
compensated  for.  * 

It  is  especially  important  to  set  the  true  > 
optical  zero  position  on  type  8  and  type  15 
periscopes  since  they  are  used  for  navigation.  A 
fine  synchro  (36X)  on  the  skeleton,  headjrfid  a 
coarse  synchro  (2X)  in  the  eyebox  are 
connected  to  the  €ilevation  shafts  and  gear^  so 
that    th^y    transmit    continuous  electrical 
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elevation  jntormation  to remote  recorder. 
After  true  optical  zero  is  fouiul,  the  electrical 
signal  Is  adjusted  to  read  zero  elevation  in  the 
reconler. 

To  find  optical  zero,  mount  either  two 
transits  or  two  Mk  8  collimator  telescopes  (with 
eyepieces)  at  right  angfes  to  the  periscope  facing 
each  other  Ai^just  the  transits  or  collimators  to 
-ulTgrrthe-Tro^lnrcn^^r  OTie  tnslrdmeiTT  wTlTmie 
orossline  of  the  opposite  instrument.  Check  back 
and  forth  between  both  instruments  until 
perfect  coincidence  is  established. 

Position  tfie  periscope  so  you  can 
superimpose  the  telemeter  on  the  crosslink  of 
one  alignment  instrument. 

Roll  the  periscope  and  sight  the  crosslirie  of 
the  opposite  instrument.  Note  the  amount  of 
displaxxMiient  and  direction  of  displacement 
from  the  first  sighting.  NOTE:  You  should  be 
concerned  only  with  displacement  between  the 
horizontal  line  of  the  telemet^  and  the  vertical 
line  of  the  alignment  instrument  crossline,  • 

To  correct  displacement  remove  half  the 
error  with  the  scope  elevatidlrhandle,  then  align 
the  test  instrument  'with  the  telemeter.  Now 
adjust  the  opposittMest  instrument  to  the  first 
instrument.  Superimpose  the  telemeter  on  one 
test  instrument  and  roll  the  scope  again. 

Continue  checking  one  test  instrument  then 
the  otiier,  making  adjystmqnts  as  necessary > 
until  i)erfect  coincidence  of  the  horizontal  lines 
is  established.  , 

The  electrical  output  signal  of  the  synchros 
can  now  be  read  and  recordt^d  %o  the  final  zero 
elevation  information  can  be  corrected  after  the 
periscope  is  installed. 

For  type  2  periscopes,  once  zero  elfevation  is 
established,  adjust  the  zero  elevation  detent  in 
the  left  training  handle. 

IVrtecope  Cycling 


The  final  step  in^  periscope  overhaul  is  to 
pressure; test  the  instrument  and  check  for  leaks, 
pull  a  high  vacuum  on  the  scope  to  remove  any 
moisture  present,  and  then  charge  the 
instrument  with  dfy  nitrogen,  This  entire 
process  is  called  "cycling/'  Any  periscope  that 
exhibits  •  internal  foggipfT  \when  no  other 
problems  are  present,  is  also  cycled  in  the  same 
manner 


It  would  be  difficult  to  say  that  any  one  step 
in  periscope  repair  is  more  important  than  any 
other,  However,  if  a  scope  leaks  or  fogs  up  in 
service,  it  is  useless'. 

During  the  overhaul  procedure,  all  sealing 
surfaces  were  .carefully  inspected  and  any 
/0-rings  on  removed  comi>onents  were  replaced. 
When  4hese  stcj)s  have  been  taken  carefully  and 
consclentroiitly,  tTie  possibili t y  of^as  lea kage  or 
entry  of  seawater  is  greatly. reduced, 

PRESSURE  TESTING,- We  <3i  scussed 
procedures  and  precautions  concerning  the  iise 
of  nitrogen  bottles  and  charging  equipment  in 
Chapter  8  of  this  li^anual,  jvlow,  we  will  explain 
pressure  testing  methoils  ^culiar  to  periscopes. 

•  Purge  the  chafing  hose  before  you 
attach  it  to  the  air  inlet  fitting! 

•  Attach  a  pressure  gage  to  the  periscope 
•sto  check  internal  pressure  (O  to  100  psi), 

•  Set  the  regulator  to  0  (no  flow  of 
nitrogen)  and  attach  the  char^g  hose. 


Open  the  air  inlet  valve  and  thfe  nitrogen 
valve    and  ^set    the"  flowmeter  for 


# 

bottle 

approximately  3  to  5  cubic  feet  per  minute  flow 
rate.  If  a  flowmeter  is  not  available,  increase  the 
regulator  pressure  in  4  psi  steps pery  5  minutes.  . 
It  will  usually  take  about  T  hour  to  build 
pressure  in  the  periscope  to  the  maximum  test 
pressure  of  50  psi, 

r 

NOTE:  NEVER  aljow  a  surge  of  pressure  to 
enter  the  pewscope.  Any*  rapid  increase  could 
damage  the  scope  and  will  stir  up  dust  or  othd^--^ 
undesirable  particles.  Be  sure  you  secure  the" 
eyebox  pressure  gage  before  internal  pressure 
reaches  30  psi,  ^  i 


f  As  pressure  is  building  in  the  scope, 
check  all  joyits,  packing  glands,  and  windows 
with  a  soap  solution  and  soft  brush.  Very 
carefully  observe  each  possible  area  of  leakage 
for  small  bdbbl<?s.  When  using  soap  for  detecting 
leaks,  check  the  scope  at  least  four  times  during 
pressure  buildup,  shice  a  leak  could  be  evident  at 
15  psi  but  not  at  45  psi.  M»ke  sure  the  bottle  is^ 
secured  when  internal  pressure  reaches  50  psi. 


r 
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\ 


NOTE:  The  prcfcrfcd  method  for-  detecting 
leaks  is  to  submerge  the  periscope  in  a  tank  of 
water.  However,  this  Is  not  usually  practical  on  ir 
tender,  and  Impossible  on  a  submarine, 

•  If  leaks  occur  around  a  shaft,  tighten  the 
packing  gland.  Leakage  at  any  other  joint  can  be- 
stopped    only    by    removing    the  affected 

_  ^^^i^V?^"*^'!*  "O^L^f  Pi«ii'Mp-ii l>gs 

•  ,v 

•  Alter  a  satisfactory  pressure  test,  release 
intemal  presMire  slowly,  usually  I  hour,  t6  avoid 

'•  stirring  up  any  dust  in  the  scope. 

•  At  some  repair  facilities,  a  hydrostatic 
pressure  test  of  the  outer  head  and  taper 
tube/outer  tube  joint  is  mandatory.  This  test  is 
conducted  by  slipping  a  specially  co*Jstructed 
tank  over  the  head  section  and  upper  portion  of 
the  outer  tube. 


The  tank  js  sealed  around  the  outer  tube  by 
a  packing  assembly  similar  to  the  hull  gland. 
Long  rods  between  the  tank  and  a  heavy  plate 
«  the  botfom  of  the.  scope  eyeb^x  hold  the 

unit  in  position  during  the  test. 

To  condirft  the  test,  fill  the  tank  with  water 
and  apply  a  specified  air  pressure  to  duplicate 
vj  scawater  pressure  at  the  required  depth. 

If  -the  periscope  has  been  reassembled 
'  correctly  anij  if  there  are  no  hidden  defects,  the 
instrument  will  pass  the  hydrostatic' test.  If  a 
leak  occurs,  you  now  .have  the  problem  of  a 
flooded  periscope  to  contend  with, 'which  will 
involve  complete  disassembly  down  to  the  last 
screw.  ^ 

^  ♦ 

DRYING. -To  remove  traces  of  moisture, - 
usually  caused  by  the  relative  humidity/fn,  the 
optical  shop,  pull  a  vacuum  on  the  sc^pe  after 
releasing  test  .  pressure.  Under  'a  vacuum, 
^  mpjsture  vaporizes  (boils)  at  a  low  tenfiperature 
and  can  be  easily  withdrawn  by  a  vacuum  pump. 
The    vicuum    pump    is  .  ,a  rotary, 


positive-displacement,  laboratory  quality  device 
capable  of  pullfng  a  0.01 -mm  vacuum.  A 
CENCO  HYVAC  pump  is  the  type  usually  used 
in  optical  aiiops. 

Although  the  pump  is  capable  of  pulling 
very  low  vacuum?  on  small  areas,  a  periscope 
coittains  a  large  volume  of  tfmpty  space,  with  a 


small  amoiL|htjj^  mw  present.  Thea^fore, 
vacuums  ofWout  4  mm  are  usually  satisfactory. 

<       •  \ 

NQTb:  Do  not  attempt  to  dry  a  periscope  in 
a  submarine  if  the  outside  tfimtwrature  is  below 

c 

•   -     ♦  X 

To  assist  with  drying  the  periscope  under 
.  vftGUiUiL._  a  JieatBx -blanket-is-xxften- used-x>n^the- 
periscopc  to  false  the  temperature,  which 
improves  .the  vaporization  of  moisture.  The 
heaXer  blanket  is  a  heavy  duty,  rubberized, 
electric  blanket  long  enough  to  cover  tl/e  outer 
tube.  .  '  ' 

The  following  procedure  ilpplies  to  alUypes 
ofj,icriscopes. 


.  .  .  \ 

Position  the  heater  blanket  and  turn  if 


on, 


•  /ttaph  th<;  pump  vacuum  hose  to  the 
scope  air  outlet.  Keep  hoses  as  short  as  possible. 
Turn  on  the  pump  and  allow  it  to  run  for  several 
minutes  before  opening  the  air  valve.  Apply 
vacuum  sealing  wax  (Apiezon)  to  all  pimip  and^ 
hose  fittings  to  eliminate  possible  vacuum  leaks.' 

NOTE;  The  power  supply  to  the  vacuum 
pump  mxist  be  on  a'  circui)  which  automatically  ■ 
receives  emergency  power  in  case  of  a  general 
power  failure.  If  for  any  reason  powpr  is  lost 
while  pulling  a  vacuum,  oil  Nx;ould  be  sucked 
from  the  pump  into  the  i>ertscQpe. 

Connect  a  vacuum  gage  to  the  periscppe 
so  you  caij  constantly  monitor  the  degree  of 
vacuum.  Bourdon  tube  vafcuum  gages  can  be 
used,  but  electronic  .gages  are  preferi^  since  a 
higher  accuracy  can  be  obtained.  ^ 


Open  the  air 'outlet  valve  and-^®ceed^ 
pumping  until  a.  vacuum  of  4  mm  it 


_  with 

reached  This^nay  take  from  i2' to  4  hours. 

•  When'  the  desired  vacuum^  is  reached, 
secure  the  air  outlet  valve,  remove  t^ie  vacuum 
hose,  then  secure  the  pump.  Alfow  thfe  periscope 
to  sit  for  at  least  3  hours  under  vacuum  with 
heater  bjanket  on';  then  recheclc  the  vacuum^  A 
changed  (raised)  vacuum  reading  usually 
indicates  the  presence  of  moisture  vapor- which 
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w(|s  iK>t  drawn  off  during  pumping^  this  case, 
attach, the  vacuum  pump  and  turn  it  dn;  then 
open  the  air  outlet  valve  i^nd  pump  the  scope 
apip  to  a  4-mm  Y«vuum.  After  obtaining  the 
propoft« vacuum,  secure  the  pumping  again  and 
hold  for  3  hours.  * 
•  ■    .    -  • 

^  NQTE:  Due  to  the  humidity  control  in  the 
-optical  shoiy,  it  is-sVldmrnrecessary  to  |f>ump"a 
scope  more,  than  twice.  If  after  repumping  the, 
vacuum  agiin  rises,  there  may  be  a  defective  seal 
in  the  s^pe  which  did  not  leak  .under  pressure. 
You  must  disassemble  the  scope,  inspect  all 
seals,  ^  reassemble,  then  start  the  cycling 
procedure  again, 


After  a  scope  is  charged,  take  a  dewpoint 
reading  of  the  nitrogen  inside  the  scope  to 
determine  the  ^temperature  at  which  fogging  will 
occur.  A  dewpoint  temperature  of  at  least  -55°C 
is  required.  '  • 

Dewpoint  and' relative  humidity  are  cipsely 
related.  For  instance,  if  air. is  saturated  with 


,  -^nce  a 


CHARGING, -Qnce  a  periscope  holds  a 
vacuum  for  3  hours,  it  can  be  filled  with  dry 
nilrogen  (charged)..  This. process  is  a  little  more 
complicated  than  mereV  attaching  a  nitrogen 
bottle  and  boosting  pressure.  Nitt;ogeij.  from  a 
bottle',  no  matter  how  pure,  is  not  dry  enough  to 
charge  a  periscope.- The  gas  mu!^  be  dried  by  '  The 
freezing  out  moisture'  as  the  gas  circulates\  foll(>ws; 
yirough  a  cold  tVap. 

The  cold  trap,  iijanuftfctured  in  your  shop, 
consists  of  a  large-mouthed  I  gallon  then^s 
bottle  which  is  surrounded  on  all  sides  by  2 
inches  of  insulation  in  a  suitable  Container.  The 
lid  of  the  container  contains  a  coil  of  copper 
tubing  which  (its  into  the  thermos  bpttle  but 
does  not  touch  the  *des  or  bottom  wnen  the  lid 
is  on  the  container,  Hose  fittings  on  the  inlet 
and  outlet  sides  of  the  coil  of  tubing  connect  a 
nitrogen  bottle  to  the  coRl  trap  and  another 
hose  between  the  cold  trap  and  scope. 

Plftce  a  mixture  of  dry  ice  and  aCetone  in  the- 
thermos  bottle  (about  the  same  consistency  ffs 
slushy  snow).  When  nitrogen  is  flowing  through 
the  cold  trap' coil  iij  the  mixture,  all  moisture^ is 
frozen  out  of  the  gas. 


waTer  vapor.  Ihe  relativ^TuuiiTdTty Is  100%,  and^T 
.  any  slight  lowering  of  air  temperature  will 
produce  condensation.  When  air  '\\t  any  givei\a 
^^temperature  coji^ains  50%  of  the  vapor  it  coul<r  ' 
contain  at  the  saturation  point,  the  relative  . 
humii^ity  is  .50%  and  the  temperature'  would 
havd  to  be^  lowered  considerably  to  produce 
condensation.  The  temixsrature  at  which  air  (or 
nitrogen)  is  saturated  with  water  vapor  to  the 
point  of  condensation  is  called  the  dewpoint.  In  . 
the  case  of  a  -55°C  dewpoint  for  dry  nitrogen^ 
you  cdn  see  that  the  amount,  of  moisture  present 
,(s  extremely  small. 


The  procedure  for  chargijig  a  periscope  is  as 

•  Assemble  all  equipi^ient  for  the  job,  - 

•  Mix  criished  dry  ice  and  acetone  in  the 
cold  trap.  Leave  sufficient  room  for  the  coil. 

\  '  • 

•  Attach  hoses  to  the  cold  trap  coil  jnd 
purge  the  coil  for  several  minutes.  While 
nitrogen  is  flowing  through  the  coil,  slowly 
lower  the  cold  trap 

•  r  Regulate  the  flow  of  nitrogen  so  just  a 
trace  can  be  felt  on  your  moistened  iip.  v 


NOTE:  The  mixture  of  dry  ice  and  acetone 
produces  a  temperature  of  around  -74''C 
(-^00" F).  You  must  wear  gloves  and  eye 
protection  when  mixing  the  solution,  and  when 
insertmg  the*  lid  and  coil,  since  violent  boiling 
and  splashing  can  occitV.  If  this  extremely  cold 
solution  touches  your  skin,  you  will  receive  a 
severe  bum  due  to  frostbite. 


•  Attach  the  hose  to  the  scope  inlet  valve 
and  slowly  open  the  valve.  You*  have  a  fairly 
high  vacuum  in  the  scope  which  will  slowly  pull 
dry  nitrogen  in  until  the  vacuum  breaks 
(pressure  equalizes),. 


NOTE:  Check  the^  vacuurh  gage  attached  to 
the    scope/  frequently    to   determine  whe 
pressures/qualize. 


•    After  the  vacuum  breaks,  use  a  pressure 
gage  oh  Wie  scope^and  boost  pressUre  in  the , 
scope  to  10  psi«  , 


\ 
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,  NOTE:  Use  a  flowmeter  set  for  3>  to  5  cubic 
feet  per  minute,  or  boost  a  regulator  in  4'pound 
steps  every  5  minutes. 

•    Whert  pressure  reaches  10  psi,  seolire  the 
,     charging  valve  and  remove  the  co\6  im>  hose. 
Pull  the  coil  out  of  Uw  cold  trap  jrf^allow  a 
•slight  now  of  nitrogen  to  run  thtw^h  the  coil 
 untii-Uie  coil  reaclics  roonv  temperatufe^. 

*        •    Run  a  dewpoint  check  of  the  gas  in  the- 
periscope. 

NOTE:  To  conduct  this  test,  use  an 
electronic  instrument  (ALNOlC  DEWPOIN TER). 
Follow  the  procedure  outlined  in  the  test 
instrument   booklet.  The  procedure  is  q\ute 


simple.  After  nmning  tliis  test  sevdral  timcs»  you 
|)robi^bly  will  not  need  to  use  the  booklet  again. 

•  When  a  satisfactory  dewpoint  is  obtained 
(-55*C  or  below),  bleed  the  internal  pressure  of 
the  pteriscope  to  7.5'psi. 

,  V 

NpTE;  All  periscopes  are  charged  to  7.5  ps^ 
-»t  ^0"F  Pressbrcs^rllTary  from  7: 1  psiiR"6(rF~^ 
to7:9.psiat.80°F. 

•  Tlie  cycling  procedure  is  now  complete. 
Secure  all  equipment, 

NOTE:  M\~  periscopes  should  have-  a 
dewpoint  check  made  every  6  month«:  even 
though  no  fogging  has  been  noticed.. 


APPENDIX  I 


U.  S.  CUSTOMARY  AND  METRIC  SYSTEM 
UNITS  OF  MEASURE^\ENTS, 

THESE  PREFIXES^^WA^  BE  APPLIED 
'  TO  ALL  SI  UNITSJ 


V 


ftmiSlXi  000  QOO  ^  tera(t«r'd)  T 

1  000  000  000  =  10*  giga  (jl^gd)  G 

i  000  000  =  10*  mega^pftg'o)  M  • 

1  000    10*  kllb  (#6)  V  k* 

100  =  lO*  hecto  (h«K't6)  '  |j 

10=10  deka  (d«k'd)  da 

=  la*  deci(dit'l)  d 

0^^=10^  centi  (sin'tT)  c* 

=  10*  mHli(mll'T)  m* 

C^id^OOl  =  10*  mkro  (ml'kriK  ^* 

Opi  =  iO*  *  nano  (nfln'6)  n 

ObO  000.001  rllik*'^^^^  P 

0.000000  000  000  Oftl:^  la"  femfo  (f«m't*)  f 


iTiTt 

* 

000 

•  •  »J 

• » » 

0.000  000  000  000  000  op*  i^^a-  atto  («'t4) 

'    *    •      ■  '    '     X  "-^ 

*MMt  comnMfily  iM  * 
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English  and  metric  system  units  of  measurement 
common  equivalents  and  conversions 


Approximate  Confll^n  Equivalents 


\ 


Conversions  Accurate  to  Parts  Per  Million 
(units  stated  in  abbreviated  form) 


Number  X  Factor 


1  iiijLh         "  % 

1  foot 

I  yard 

I  milef 

I  square  inch 

1  square  foot 

I  square  ya^iTx  ^ 

1  acre 

I  cubic  indb---^'^^ 
1  cubjjc  fot)t 
Ittf^yard 
vl  qiJalrt  (Iq.)^  * 
I  ;galk)n  * 
iVounce (avdp) 
,j/poMnd  (avdp)  '  ' 
i  horsepower      ;  ^ 
I  pptmd  ^'squarp  inch 


mfllir 
meter 
meter.  > 
kilometer 
square  iientimeter 
sqqare  meter    ^.  ^ 
s,^^re  meter 
^hectare 

cu'bic  centimeter  n. 
cubic  meter 
cubic  meter 
liter 

cubic  meter 
gram 
kilogram 
kilowatt 

kilogram  per  square 
centimeter  ^ 


=  25  millimeters 

=  03  meter 

=,0.9  meter 

=  1 .6  kilometers 

=  6.5  square  centimeters 

=  0.09  square  meter 

=  0,8  square  meteor 

=  0.4  hectare 

=  16  cubic  centimeters 

=  0.03  cubic  hieter 

=^'0.8  cutyc  meter 
,  =  1  liter 

-  0.004  cubic  meter 

=  28  granVs  \ 

=  0,45  kij^grarti 

=  0.75^t«owatt 
/f  0,07  kilogi-am 

centimeter/  j;' 

=  0.04inch  , 
=  3.3  feet 
="1.1  yards 
=  0.6  mile 

0. 1 6  square 
=  1 1  square  fed 
=  1.2  square  yari^s"  / 

2.5  acres  , ;  '>;■■'*; 
=  0.06  cubic  inch  \! 
=  35  cubic  feet  ,  , 
=  1.3  cubic  yards 
=  1  quart  (Iq.) 
=  250  gallons 
=  0.035  ounccs/Avdp) 
'  ^  2.2  pounds  (avdp) 
=  1.3  horsepower 
=  14.2  pounds  per  square 
^irich 


1 


in  X  25.4*  '        =  mm 

ft  X  0.3048*  =  m 

yd  X  0.9144*  =m 

mi  X  1 .60934  =  km 

in^  X  6.45  1 6*  =cm' 

ft'  X  0.0929030  =  m' 

yd'  X  0.836127  =  m' 

acres  X  0.404686  =  ha 

in^  X  16.3871  =  cm' 

ft' XG.0283I68  .  =  m' 

yd'  X  0.764555  '  =  m' 

qt(jq.)X  0.946353  =/ 

gal  X  0.00378541  =  m' 

oz  (avdp)  X  28.3495  =  g 

lb  (avdp)  X  0.453592  =  kg 
hp  )^  0.745700          •  ^  ^  =kW 

psi  X  0.0703224  =  kg/cm' 

.  (■ 

mm  X  0.0393701     '  =  in 

mX  3.28084  =  ft 

mX  1.09361  -  =yd 
km  X  0.621 37)          ,     =  mi 

cm*  X  0.155000  =in? 

m'X  10.7639  =  ft^ 

m*X  1.19599       '  =  yd' 

haX^47105  =  acres 

cm' X  0.0610237  =m' 
m'  X  35.3147 
m'X  1.30795 
/X  1.05669 
m'  X  264.1 72  t 
gX  0.0352740  I 
kg  X  2.20462 
kW)(  1.34102 

kg/crft' X  I  4.223226  =  psi 


-yd' 
/=qt(lq.) 
=  gal 

=  oz  (avdp) 
=  lb  (avdp) 
=  hp 


t nautical, mile  =  1.852  kilomeWs 


*  exadt 


AI-2 


ir^DEX 


)■■ 


Aberration,  lens,  4-25  to  4-33 
astigmatism,  4-28,  4-29 
chromatic,  4-25,  4-26 
coma,  4-27,  4-28 
curvature  of  field,  4-29,  4-30 
distortion,  4-30, 4-31     ,  \< 
Newton's  rings,  4-31.  to  4^33 
spherical,  4-26,  4-27 

Aberrations  of  the  eye,  5-10,  5-11 

astigmatism,  5-10  • 
eye  strain,  5-1 1 
hyperopia,  5-10 
myopia,  5-10  ^ 

Advancement,  1-1  to  1-12" 

|NAvy  Enlisted  Advancement  System,  the, 
^  1-2  to  1-9  - 
Navy  Enlisted  Classification  Codes,  1-2 
Opticalman  rating,  1-1,  1-2 
.  Pertonnel  Advancement  Requirement  (PAR) 

Program,  NAVPERS  1414/4,  1-6  to  1-9 
Personnel  Qualification  Standards,  1-9 
purposes^  benefits,  and  limitations  of  the  v 

Planned  Maintenance  System,  1-9,  1-10 
sources  of  information,  1-10  to  1-12 

Aperture,  relitiv^,  4-23,  4-14 
Assembling  mechanical  parts,  8-2,  8-3  • 
Astigmatism,  4-28,  4-29 

Astronomical  telescopes,  5-17  to  5-20 
reflecting,  5-17,  5-18 
refracting,  5-18  to  5-20 

Atmospheric  refraction,  2-24  to  2-27  . 
heat  waves,  2-27  \ 
looming,  2-27  ,  ^ 

mirages,  2-25  to  2-27 
rainbows,  2-27 


Attitude,  image,  3-3  to  3-5 
normal  and  erect,  3-4 
normal  and  inverted,  3-4 
reverted  jind  erect,  3-4 
reverted  and  inverted,  3-4,  3-^ 

Azimuth  andbejring  circles,  10^13  to  10-18 
consT?aEnqn  fe.atur^,  1 0- 1 4  to  1 0- 1 6 
repair  and  adjustment,  )0-16  to  10-18 


B 


Basic  optical  systems,  5-1  to  5-31 

eyepiece  systems,  5-1 1  to  5-1 T 
basic  flmction,  5-1 1  to  5-13 
nomenclature,  5-13 
types,  5-}  3  to  5-17 

eye  structure,  5-1  to  5-ri 

aberrations  of  the  eye,  5- 1 0,  5- 1 1- 
iris  function,  5-2 
optical  instrumc^jnt,  5-3 
refracting  mephinism,  5-2 
stereosc(^pic  visii:^,,  5-6  to  5-1 0 
vision,  5-3  to  5-6 

visual  acuity,  5-6  % 


human  eye,  the,  5-1 
simple  telescopes,  5-1 7  to  5-3 1 
astronopical,  5-17  to  5-20 
gijmsig^el^scopes,  5-26,  5-^ 
f    niaghif^tidn,  5-27  to  5-30 
'     microscope,  5-30,  5-3 1 

terrestrial  telescopes,  5-20  to  5-26 

Bearings,  6-1,7  to  6-19 

ball  bearings,  6-1 8*  6-1 9 
rotational  bearing,  6-17, 6-18 
lUding  surface  bearings,  6^  1 7 

Bed,  lathe,  9-11,9-12 
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Binoculars,  10-34  to  10-46  - 

colllmatlon.  10-42  to  10-44 

•construction  features,  10-35  to  10-39 
,    overhaul,  10-39  to  10-42 

7  X  50  binoculars,  10-35 

ship  mounted  binoculars,  10-44  to  10-46 
Blinder  assembly,  periscopes,  1 2- 17 
Boresight  telescopes,  10-46  to  10-49 

construction  features,  1 0-46  to  1 0-49 

 repair-and  adju$tmenh  1 0-49 

Brazing  and  soldering,  7-21  to  7-24  , 


'  Carriage,  9-15,  9-16 

Cementing  and  cleaning,  lens,  7-35  to  7-40 
Charging  procedures,  dptlcal  instruments,  8-!  5 
to  8-19 

drying  and  charging,  8- 1 7,  8- 1 8 
genera!  safety  precautions,  8-19 
pressure' testing  and  charging  rangefinders, 

8-18.8-19 
^securing  the  equipment,  8-18 
Charging,  sealing  and^rying,  8-13  to  8-19 

Chromatic  aberrations,  4-25,  4-26 

Cleaning  and  painting",  7-30  to  7-35 
baking  pro<*dure,  7-35  ' 
corrosion  removal,  7-30,  7-31  ' 
finish  defects,  7-35 
instrument  painting,  7-34,  7-35 
pain|  removal,  7-32,  7-33  ^ 
preparing  paint,  7-33,  7-34  mi 
safety  precautions  for  using  Chemicals, 

7-31,  7-32 
types  of  paint,  7-33 

Cleaning,  periscopes,  12-35  to  12-37 

CoUimation,  8-3  to  8-^ 
adjustment,  8-9,  8-10 
equipment,  9-3  to  ^9 
'  procedures ,  8- 1 0  to  8- 1 3 

Color  of  light,  2-11,  2-12 

Coma,  4-27,  4-28  - 

Compaw;  magnetic,  10-4  to 

Construction  and  design,  op 
6-1  to  6-27 

Corrosion  removal,  7-30,  7-3 1 

Crew  Served  Weapon  Sight  (CSWs),  W-l 

Curvatui:c,  lens,  4-5 

Cuivaturc  of  field,  4-29,  4-30 

Cutting  tools, .9-22  to  9-24 

Cylindrical  lenses,  4-14,  4-1 5 
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Design  and  construction,  optical  instruments, 
6-1  to  6-27  V 

lubrication^26,  6-27 
mechanical  features,  6-1  to  6-7 
body  housi|)gr6-l  t©  6-5 
'diaphragms,  6-5  to  6-7 
shades  and  caps,  6-5 
mDiinting^trcal^teniTmts,~6-Tlo  6^t6  ' 
V  ,  bearings,  6-17  to  6-19 

\  fixed  eyepiece  mount,  6-16,  6-1  7 

focusing  arrangements,  6-1 1  to  6-16 
helical  gears,  6-2 1 
instrument  sealing  methods,  6-22 
lens  mounts,  6-7  to  6-10  ^ 
optical  instrujnent  gMrs,  6-19  to  6-21 
O-rings,  6-24,  6-25 
,    .  packing,  6-25, 6-26 

\         -  preformed  gaskets,  6:23,  6-24 
.  prism  mounts,  6-10,  is-l  1 

\        sealing  compound,  6-22,  6-23 
Disassembly  and  repair,  periscopes,  1 2-28  to 
1 2^35 

Dioprar,  lens,  4-22;  4^23 

Distortiy,  4-30,  4-31 

Drill  presses,  9-5  to  9-10 

Drying,  charging  and  sealing,  8-13  to  8-19 


Eye  structure,  5-\|  to  5-1 1 

aberrations  d|"  the  eye,  5-10,  5-V{ 

iris  f\mction, 

optical  instrunknt,  5-3 

refracting  mechjmism,  5-2 

stereos£j>pic  visi<^,  5-6  to  5-10 

vision,  5-3  to  5-6 

visual  acuity,  5-6  x 
Eyepiece  systemjs,  5-11  td,^-17 

basic  function,  ^1 1  ro  5-13 

nomenclature,  5rl3 

types,  5-13  to  5-V7 


Final  assembly,  periscopes,  12-44  to  1247 
Fixed  eyepiece  mount,  6^16,  6-1  ^ 
Fluxes;  7t23;  7-54  \ 
Focal  length,  lens,  4-5  to  4-7, 4-18,  4-19 


INDEX 


t 


\ 


Focusing  arrangements.  6-11  to  6-16 
Wr»w  tube.  6-12,6-13 
internal  focusing  mount,  67I5,  6-16 
multiple  lead  thread.  6-14.  0- 15 
spiral  (helical)  key  way,  6-13,  6-14 

Focusing  knob  assembly,  periscopes.  12-19 
to  12-21  . 

Formulas,  lens,  4-18  to  4-24 

Frequency  and  wavelength,  2-7,  2-8 


Gaskets,  preformed, 1^ 23,  6-24^ 
Gas-tight  instrurtients,  8-13,  8-14 
Gears,  optical  instruAient.  6-19  to  6^21 
Glass,  properties  of,  41  to  4-3 
Grinders,  9-1  to  9-5 
Qunsight  telescopes,  5A26,  5-27 
Gunsights  and  night  vision  sights,  1  l-l  to  11-12 


Knee  and  column  type  milling  machines,  9-41, 
9-42 


Lathes^  9-10  to  9r4i 


,  7-24  to  7-29 

7-2  7  to  1-T9 
\-26,  7-27  ■ 


Headstock  9-12,  9-13 

Heat  treating  and  temperi 
ferrdus  materials,  7-: 
heat  treating  process 
'    nonferrous  materials, \ 

Helical  gear^.  6-21 

Human  eye,  the,  5;  I 


I 


Image  description,  3-3  fo  3-5 
image  attitude,  3-3  to  3-5 
.  .  real  image,  3-3  ^ 

•  virtual  image,  3-3  .1  < 
lage  formation,  4-9  to.  4- 14 
[formation,  sources  of,  1-10 1 
ner  tube  removal,  periscopes, jl  2-26  to  12 
Inspection  and  testing,  7-1  ta  7-9 
chromatic  aberrallon,  7-9^ 
.  coma,  7^ 
distortion,  7-9 


j-12 


-27  , 


illunf  nation  and 
image  fidelity,  7- 
mechanical  cogd 
optical  system,  7^-2  to  7-6 
spherical  abcff^Jion.  7-8,  7-9 
Wi  fUnotton,  5-2 


contrast,  7-8 
6to  7-«  . 
ition,  7-2 
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attachments  and  accessories,  9-16.to  9-22 
carriage  stop,  9-21 
center  fest,  9-20 
collets,  9-17,  9-1^ 
follower  rest,  9-2* 
lathe  centerv9-21, 5-22 
mandrels,  9-22 

taper  attachment,  9- 1 3  to  9-20 
\  .  thread  dial  indicator,  9-21 

cutting  iools,  9-22  to ,9-24  '   *  > 

finish  cutJi,  9-27^^ 

knowledge  of  operation,  9-24  to  9-28 

,  lubricants,  9-27  * 
^     maintenance,  9-2>,  9-28 

rough  cuts,  9-27 

speeds  and  feeds,  9-26 

Operation,  9-28  to  9-40 
'    .      boring,  9-33, 9-34 
center  drilling,  9-29 
.  -     centering  the  >ybr|c,  9-28,  9-29  , 
facing,  9-32,  9-3^ 
mounting  work,  9-28 
setting  the  cutting  tool,  9-3 1 
tapering,  9-34  to  9-36 
threading,  9-36  to  9-40 
turning,  9-31,  9-32 

turning  between  centers,  9-29  to  9-3 1 

principal  parts,  9-1 1  to  9-16  ^ 
bed,  9-1 1,9-12 
"^af^iage,  9-15, 9-16 
headstock,  9-12,  9-13 
quick-change  gears^  9-15  \ 
.   tailst6ck,9-13  to9-15.         .  - 
.  safety  precautions,  9-!40,  9-41 

Left  training  handle  assembly,  periscopes,  12-21 

to  12-23  \" 
Lens  cleaning  and  .cer^entfng,  7-35  tGr7-40 
cementing  equipihent  and  materials,  7-38 
\to7-40  \ 
cleaning  equipment^  7-35  to  7-37 
/    cleaning^rocedure,  ^37,  7-38 
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Lens  mounts*  6-7^to  6-10 

cceentfic  mpuiU,  6^9,  5-10 
tetainer  6^0  '  '  ^ 

^  screw  adjiistlpg  mounts.- 6-9 
Lens  replacement,  8-1  J  , 
^Lenses,  4-*l  to  4-38  * 
.aberrations,  4-25  to  4^33 
astigmatism,  4-26  ' 
coma,-4-27,  4-28 
elir0ma^er4-2S-,  4-26         -  ■  ' 
curvature  of  Held,  4-29,  4-30 
-r-        ^distortion,  4-30,  4-31  - 
•        '  ''  Newton's  rings,  4-3 1  to  4-33 
spherical,  4-26,  4-27 
formulas,  4- 1  ^  to  4-24  . 

focal  length,  4-18,  4-19 
lens  diopter,  4-22,  4-23 
^  /  magnification,  4-19  to  4-22 
magnifying  power,  4-22 
relative  aperture,  4-23,  4-24 
relative  image'  brightness,  4-24 
properties  of  glass,.  4-1  to  4-3 
optical  qualities,  4-2,  4-3 
physical  properties,  4- 1 ,  4-2 

terminology,  4-4  to  4-18 
curyature,  4-5 

cylindrical  lenses,  4-14,  4-15 
'   ^       •  focal  length,  4-5  to  4-7  . 

image  {©irnation,  4-9  to  4-14 
negative  lenses,  4-7, 4-8 
positive  lenses,  4-7 
radius  of  curvature,  4-5 
spherical  mirrors,'4- 1 5  to  4- 1 8 
thick  lenses,  4-33  to  4-38 

back  focal  length,  4-33,  4-34  > 
compound  lenses,  4-34,  4-35  ^ 
equivalent  f'ocal  length,  4^33 
front  focal  length,  4-33 
lens  combinations,  4-35  fo  4-37  " 
^      miscellaneous  optical  elements,  4-37, 
4-38 

Light,  the  nature  of,  2-1  to  2-28  , 
Lubrication,  6-26,  j6-27 


M 


Machine  tool  operation,  9*1  to  9-54 
drill  presses,  9-5  to' 9- 10 
grinders,  9- 1,  to  9-5  yr^ 


Mjichine  tool  operation-^Continued  - 
lathesf9-lQto.9-41 

attachments  and  accessories,  9-16 
to  9-22 

•  tutting  tom§,  9-22  to  9-24         .  / 
knowledge  of  opcratid«f^-24  to  9-28 
operation,  9-28  to  9^0 

*  principal  parts,  9^1 1  to*  9- 16  . 

safety  precautions,  9^0, 9-4 jl 

milling  iiTachrnes,  9-4^^ 
\        knee  and  column  type,  9-41 , 9-42 
operation,  9-46  to  9-53 
precautions,  9-54 
standard  equipment,  9-42  to  9-46 

Magnetic  compass,  10-4  to  10^13 

inspection  and  disassmnbly,  10-6  to  10-8  - 
;    repair  and  assembly,  10-8  to  1 0-^,1 
testing  aiid  adjusting,  10-1 1  to  10-13 

Magnification,  4-19  to  4-22      -  ' 

Magnification,  telescope,  5-27  to  5-30 

Maintenance  procedures-  part  I,  7-1  to  7-40 
cleaning  ancl  painting,  l^-^O  to  7-35 
heat  treating  and  tempipring,  7-24  to  7-29 
inspection  and*  testing,  7»1  to  7-9 
lens  cleanhig  and  <;emeifting,  7-35  to  7-40 
overhaul  and  rep,air,  7-9  to  7-21 
soldering  and  brazing,  7-2 1  to  7-24 

Maintenance  procedures-part  II,  8-1  to  V-1 9 
collimation,  8-3  to  8-13 
'  adjustment,  8-9,8-10 

equipment,  8-3  to  8-9 
procedures,  8-10  to  8-13 
reassembly,  8-1  to  8-3 

assembling  mechanical  p«rts,  8-2,  8-3 
Replacing  lenses»  8-1 '  ^ 
replacing  prisms,  ^-1 ,  8-2 

'  ^     sealing,  drying,  and  charging,  8-13  to  8-19 
charging  procedures,  8-1 5  lo  8-19 

•  gas-tight,  8-13,  8-14^ 
,    moisture-tight,  8-13 

pressure-tiiJit,  8-14- 
safety  procedures  for  handling 
cyUnders,  8-14,  8-15 

Measurenaents  in  optics,  3-1  to  3-3 
degree  system,  3-3 
metric  system,  3-1,  3-2' 
Navy  mil,  3-3  .  - 
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*  Methanicarteaturcs,  optical  instrun\ents,  6-1 
to  6-7 

body  housing,  6-1  to  6-5 
.   xdiaphragriis,  6-5  to  6-7 

shades  find  caps,  6-5  -  • 
-  M^tascope,^  1-7 
Mlcroscopej  the,  5-30,  5-31  '  # 

Milling  inacl\^es,  9-4 1  t< 
knee  and  coTumji  type, 
'  'operation,*9-46  to  9-53 
direction  of  cutter 

9-49,  9-50 
feeds  and  speeds,  9-50,  9-51 
indexing,  9-51  to  9-53 
•   setup  procedures,  9-48,  9-49 
precautions,  9-54 

»  I 

standard  equipment,  9-42  to  9-46 

circular  ntlfting  attachni^nt,  9-46  ' 
index  head,  9-44,  9-45  < 
milling  cutters,  9-4*6  • 
universal  mifiing  attachment,  9-45 
vises,  9;42 

Mirrots  and  prisms,  3- 1  to  3-1 6 
image  description,  3-3  to  3-5 
image  attitude,  3-3  to  3-5 
real  fmage,  3-3   .  / 

virtual  iniatfe,  , 

.  ■  "i'v. 

image  transmission,  3^5  to  3*16 
penta  prism,  yi  3  to  3-16 
plane  mirrprs,  3-5  to  3-8 
retlecting  prisms,  3-9  to  ^-15 
refracting  prisms,  3-8-,  3-9 
rhomboid  prism,  3-1 3 

jneasurements  in  optics,  3-1  to  3-3 
degree  system,  3-3 
metric  system,  3-1,  3-2 
Navy  mil,  3-3 

Mirrors^  sphcriciil,  4-1  5  to  4-1 8  • 

,Mk36NVS,  1 1-1. 

Mk37NVS,  11-1 

Mk  67  and  Mk  6^  gunsights,  11-4  to  1 1-6 
Mk97  telescope,  11-6,  11-7 


\ 


Mk.  100  telescope,  11-7 
Mk  1 02  and  Mk  1 1 6  telescopes,  1 1  -7  to  1 1  - 1 2 
Mdisture-tfght  instrum«n  ts,  8- 1 3 
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Mounting  optical  elements,  6-7  to  6-26 
,    bearings,  6-17  to^6- 1 9 

fixed  eyepiece  mount,  6-1 6,  6-1  7 
focusing  arrangements,  6-1  I  to  6-16 
helical  gears,  6-2 1 
•  instfument  sealing  meihods,  6-22 
lens  mounts,  6-7  to  6-10 
optical  instrument  gears,  6-19  to  6-21 
0-rmgs,.6-24^  6^25  •  ' 

packing,  6-25,  6-26  " 
preformed  gaskets,  6-23,  6-24 
prism  mounts,  6-10,  6-1 1 
sealing  compound,  6-22,  6-23 


/ 
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Nature  of  liglit,  the,  2-1  to  2-28 
color  of  light,  2-11,2-12 
reflection,  2-14  to  2-16 
refraction,  2-16  to  2-28 
sources  of  light,  2-2  to  2-5 
speed  of  light,  2-8  to  2-11 
theories  of  light,  2-1,  2-2 
transmission  of  light,  2-5,  2-6 
visibility  of  objects,  2-12  to  2-14 
V    wavefength  and  frequency,  2%  2-8 
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NAVEDTRA  10052,  1-10  to  1-12 
KAVEDTRA  publications,  1-10 
MavHgation  and  optical  equipment,  10-1  to  10-48 
Navy  Enlisted  Advancement  System,  the,  1-2 
to  1-9  * 

how  ^o  prepare  for  advancement,  1-5,  1-6 
Personnel  Advancement  Requirement 

(PAR)  program,  NAVPERS  1414/4, 

1-6  to  1-9 
qualifying  for  advanpment,  1-2 
who  will  be  advanced?,  1-5 

Na^  Enlisted  Classification  Codes,  1-2 
Negative  len5es,«4-7, 4-8 
Newton's  rings,  4-31  tp  4-33 
Night  Vision  sights  and  gunsights,  1 1-1  to  1 1-12 
componehts,  11-1 

Crew  Sefved  Weapon  Sight  (CSWS),  1 1-2 
ftgunsight  telescopes,  1 1  -4  to .  1 1  - 1 2 

Mk  97  telescope,  1 1-6,  11-7 

Mk  100  telescope,  11-7 
■      Mk  102  and  Mk  1 1 6  telescopes,  1  \-l 

!       to  11-12;  ' 

Mk  67  and  Mk  68  gUnsights,  1 1  -4 
to  11-6 
metascope,  11-2 
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kight  vision  s'igfits  arui  gunsi^hts  Continued 
Mk  37NVS.  111. 
-  iVlk  36  NVS,  I  l-l 

repair  and  adjustment.  1 1  -2  to  11-4 


O 


(X)D  and  QM  spyglasses,  10-23  to  10-29 
-    •  construction  teatureSv  10-22  4©  UV25 
disassembly,  10-25  to  hO-28 
>■  repair,  reassembly,  and  collimation,  10-28, 
10-29 

Optic  measurements,  3-1  to  3-3 

Optical  and  navigation  equipment,  10-1  to  10-49 
azimuth  and  bearing  circles,  10-13  to  10-18 
binoculars,  10-34. to  10-46 
boresight  telescopes,  10-46  to  10-49 
niagnetic^^gfenipass,  10-4  to  10-13 
OOD  and  OM  spyglasses,  10-23  to  10-29 
parallel  motion  protractor,  10-1  to  10-4 
sextant.  10-20  to  10-23 
ship  telescope,  10-29  to  10-32 
stadimeter,  10-18  to  10-20 
telescope  alidade,  10-32  to  10-34 

Optical  systems;  basic,  5- 1  to  5-3 1  - 
Opticalnian  rating,  1-1,  1-2 
O-rings,  6-24.  6-25 
Overhaul  and  repair,  7-9  to  7-2J 

common  tools.  7-10  1 

disassembly,  7-14  to  7-18 

repair  procedure,  7-18  to  7-21 

s|)ecial  tools.  7-10  to  7-14 


Periscopes,  submarine,  12-1  to  12-50 
handling,  12-6  to  12-15  ^ 

auxiliary  handling  equipment,  12-1 1 
'  external  fittings  replacement.  12-15 
installation,  1>1 3 
pacjfing.' 12-12  ^ 
removal.  12-8  to  12-1 1 
repacking,  12-14 
repair.  12-1  5  to  12-50 

  externalfttting  overhaul  1 2-1 5 

to  12--25 

maintenance.  12-25  to  12-50 
theory  and  design.  12-1  to  12-5 
Personnel  Qualification  Standards.  1-9  - 
Plane  mirrors.  3-5  to  3-8 
Positive  lenses,  4-7 
Preformed  gaskets.  6-23.  6-24 
Preparing  fop'advancement,  how  to,  1-5,  J-6 
Pressure  gag^e  aijd  valve  assembly,  periscopes. 
12-19 

Prism  mounts,  6-10,  6-1 1 

porro  prism  mounts,  6-11 

right-angled,  6-10 

roofedge,  6-10 
Prism  replacement.  8- 1,8-2 
Prisms  and  mirrors,  3- 1  to  3- 1 6 
Purposes,  benefits,  and  limitations  of  the 
Planned  Maintenance  System,  1-9.  1-10 


QM  and  OOD  spyglasses,  10-23  to  10-29 
Quick-change  gears,  9-15 


\ 


«. Packing,  6*25,  6-26 
Painting  and  cleaning,  7-30  to  7-35 

Parallel  motion  protractor,  1 0-1  to  10-4 
disassembly,  1 0-1  to  10-3 
Inspection,  cleaning,  repair,  reassembly, 
'  10-3,  10-4 

fenta  prism,  3- 1 3  to  3-  f 6 

prism  defects,  3-16 

roof  edge  prism,  3-15 

Schmidt  prism,  3-16  ' 
Periscope  cychhg,  1 2-47  to  1 2-50 
Periscope  eyepieces,  12-16 

D?r  ... 
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Real  image,  3-3 

Reassembly  and  collimation,  periscopes,  1 2-37 
to  12-43 

Reassembly,  instrutnent,  8-1  to  8-3 

assembling  mechanical  parts,  8-2,  8-3  - 

replacing  ler^ses,  8-1 

replacing  prisms,  8-1 8-2 
Reflecting  prisms,  3-9  to  3-13 

dove  prism,"3-12,  3-13 

porro  prism,  3-12 

right-angled  prism,  3-11,3-12 
Reflection,  2-14  to  2-16 

diffuse,  2-16 

law  of,  2-15 

regular,  2-15 
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Refractirtg  prisms,  3-8,  3-9 
prism  diopter,  3-9 
'  wedge.  3-9  / 
RetVrtctioif.  2-16  to  2-28 
i       angle  of.  2-20,  2-21  -  .  y 

'  atmospheric  retYaction.  2-24  to  2-27  . 
heat  waves,  2-27 
looming.  2-27  •  -v 

mirages.  ^-25  to  2-27         '    '  " 
—  -  rainWws,  2-27.     -  -. 
index  of,  2-19.  i.20* 
laws  of,  2-17  to  2-19 
reflection  and  refract,ion  combined,"  2-21 
to  2-23 

total  internal  reflection,  2-23.  2-24  ' 
Relative  image  brightness.  4-24  \  ' 

Repair  and  overhaul.  7-9  to  7-21 
Rhomboid  prism,  3-13, 
Right  training  handle  assembly,  periscopes, 
1 2- 23,12-24 


V 


Stadimeter,  10-18  to  10-20 
\     constructioiv  10-19 

repair  and  adjustment,  10-19,  10-20 
Stadlnfcter  collimatlon.  periscopes,  12-43 
Sttfdimeter  dial  and  drive  assembly,  periscopes, 

.  12-23,  12-25 
Stereoscopic  vision,  5-6 to  5-10 
Structure, of  the  eye,  5-1  to  5-1 1 
Submarine  periscopes,  12-1  to  12-50 

p^cop^  trai^dlmg,T2H?TQ~12-15  " 
auxiliary  handling  equipment,  12-11 
external  fittings  replacement, »1 2-1-5 
periscope  installation,  12-13 
periscope  packing,  12-12 
removal,  12-8  to  12-1 1  ' 
repacking  the  periscope,  12-14 
periscope  identification,  12-6 
periscope  repair,  1  2-1  5  to  1 2-50 

external  fitting  overhaul,  12-15  to 
12-25 

maintenance,  12-25  to  12-50 
theory  and  design,  12-1  to  12-5 


Sealing,  drying  and  charging.  8-13  to  8-19, 
charging  procedures,  S-tIS  to  8-19 
gas-tiglit,  8-13,  8-14 
moisture-tiglit,  8-13\r 
pressure-tiglit,  8-14  ^ 
safety  procedures  for  handling  cylinders, 
8-14,8-15 
Sealing  methods,  instrumentrT>i22 
Sextant,  10-20  to  10-23 

construction  features,  10-21 
repair  and  adjustment,  10-21  to  10-23 
Ship  telescope,  10-29  to  10-32 

construcj^i  features,  10-29  to  10-32 
,^^jjepau|4nd  adjustment,*  10-32 
SQ)dertli<^nd  brazing,  7-21  to. 7-24 
fluxes.  7-23,  7-24 
silver  brazing  techniques,  7-24 
silver  soldering  and  brazing,  7-2 1 ,  7-22 
soft  soldering,, 7- 21 
Sources  of  light,  2-2  to  2-5 
artificial,  2-3  to  2-5 
natural^  2-2,  2-3 
Speed  of  light,  2-8  to  2-1 1 

Michelson's  measurements,  2-10,  2-1 1 
Roemer's  measurement,  2-10 
Spherical  abecrations,  4-26,  4-27 
Spherical  mirr^,  4-1 5  to  4-18 


Tailstock,  9-13  to  9-15 
Telescope  alidade^  10-32  to  10-34 

construction  features,  10-32  to  10-34 

repair  and  adjustment,  10-34 
Telescope,  ship,  10-29  to 'IO-3i 
Telescopes,  boresight,  10-4^  to  rO-49  ^ 
Telescopes,  gunsight,  1 1-4  to  11-12 

Mk  97  telescope,  1 1-6,  1 1-7 

Mk  100  telescope,  11-7 

Mk  j^i  and  Mk  11 6  telescopes,  1 1 

MR  67  and  Mk  68  gunsights,  1  H 
Telescopes,  simple,  5-17  to  5-31 

astronomical,  5-17  to  5-20 

gunsight  telescopes,  5-26,  5-27 

magnification,  5-27  to  5-30 

microscope,  5-30,  5-31 
^       terrestrial  telescopes,  5-20  to  5-26 
Temt)ering  and  heat  treating,  7-24  to  7-29 
Terminology,  lens,  4-4  to  4- 1 8 
Terrestrial  telescopes,  5-29  to  5-26 

Galilean  telescppe,  5*^0 
^   lens  erecting  systems,  5-20  to  5-23 

prism  erecting  systems,  5-25,  5-26 

two-erector,  5-23,  5-24 

variable  power,  5-24,  5-25 
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Testing  and  Inspectiqn,  7-1  to  7-9 
Tlieoriesof  ligli^;  ?!,  2-2 

dectroinagnetic  theory.  2-2 
^  particles  hnd  waves>  2-1 
quantum  theory >  2-2 
Thick  lenses,  4-33  to  4-38 
Transmission  of  images,.  3-5  to  3-16 
penta  prism,  3- 1 3  to  3- 1 6  ^ 
.   plane  mirrors,  3-5  t6  3-8 

ieftecting~pnsms7  3-^  to  3-13 
,  retracting  prisms,  3-8,  3-9 
♦  rhomboid  prism,  3- 1 3 
Transmissioh.of  liglit,  2-5,  2-6 


Virtual  fmage,  3-3 

Visibility  of  objects.  2-12  to  2-14 
opaque,,  2- 13 
translucent,  2-13 
transparent,  2-14 

Vision,  5-3  to  5-<&  ^ 
t:olor  blindness,  5-5,  5-6  - 
color  vision,  5-5  •    \  * 
night  vision, '5-5 

Vision,  color,  2-12 


U 


l|,S.  Customary  and  Metric  System  Units  of 
Measurements,  AI-1 ,  AI-2 


Variable  density  filter  attachment,  periscopes, 
4  2-18  ^ 


4  , 


W 


Wavelength  and  frequency,  2^7,  2-8 

Wheels,  grinding,  9-^  to  9-5 
abrasives,  9-3 
bond,  9-3,  9-4 

grain  size,  grade,  and  structure,  9-4 
i^istallation,  9*4 
maintenance,  9-5 
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PwsiSared  by,  the  Ifaval  fiducation  and  Training  Program  pevelopment; 

Contwr,  Pensacola,  Florida  0 


Your  NFCC  dbi^lEiiTns  a  set  of  asaign- 
mnts  and  salf-^aorinq  answer  sheets 
{packaged  separately) ,  The  Rate  Training 
Manual,  Opticalmiin  3*2 

NXVEDTIVV  10205-D   ,   is  your  textbook  for 
the  NRCC.   If  an  errata  sheet  comes  with 
the  NRCC,  make  all  indi^calted  changes  or 
corrections.  Do  not  change  or  correct 
the  textbook  or  assignments  in  any  other 
way , 

HOW  TO  COMPtETE  THIS  COURSE  SUCCESSFULLY 

Study  the  textbook  pages  given  at 
the  beginning  of  each  assignment  before 

^^cying  to  answer  the  iten^.^Pay  attention 
to  and  illuatrations  as  they 

contain^L  lot  of  information.  Making  your 
9wn  drawiT^i^c  can  help  you  understand  the 
subject  matter.  Alao.  r^ad  the  learning 
objectives  that  precede  the  sets  of  items. 
The  learning  objectives  and  items  are 
based  on  the  subject  master  or  study 
material  in  the  textbook.  The  objectives 
tell  yqu  what  you  should  be  able  to  do 
by  Studying  assigned  textual  material 

•and  answering  the  itrfms*. 

At  ^^is  point  you  should  be  ready 
.to -answer  the  items  in  the  assignment.v 
Read  each  item 'carefully .  Select  the 
BEST  ANSWER  fot  each  item,  consulting 
your  textbook  wh#n  necessary.  -Be  sure 
to  select  the  BEST  ANSWER  from  the 
'subject  matter  in  the  textk^ok.  you  may 
discuss  difficult  points  iir^e  course 
with  others.  However,  the*  answer  you 
select  must  "be  your  own.  Use  only  the 
self-scorinq  answer  sheet  designated 
for  your  assignment.  Follow  the  scoring 
dimctions  given  on  the  answer  sheet 
Itself  and  elsewhere  in  this  course. 

Your  NRCC  will  be  administersd  by 
your  command  or,  in  the  case  of  small 
comn\ands^  by  the  Naval  Education  and 
Training  Program  Davelopment  Center. 
No  matter  who  administers  your  course 
you  can  complete  it  successfully  hy 
isarning  grades  that  average  3.2  or 


higher.  Vt  yo\4  are  on  hctiv^  duty,  the 
average  of  your  .grades  in  all.  assign- 
ments must  be  at  least  3.2.  If  you  are 
NOT  on  active  duty,  the  average  of  your 
grades  in  all  assignments  of  each  , 
creditable  unit  must  be  at  least  3.2. 
The  unit  breakdown  of  the  course,  if 
any,  is  shown  later  under  Naval  Reserve 
Retirement  Credit. 

WHEN  YOUR  COURSE  IS  ADMINISTERED  *  • 

BY  LOCAL  COMMAND 

As  soon  as  you  have  finished  an 
assignment,  submit  the  completed  self- 
scoring  answer  sheet  to  the  officer, 
designated  to  administer  it^  He  will 
check  the  accuracy  of  your  score  and 
discuss  with  you  the  items  that  you  do 
^not  understand.  You  may  wish  to  record 
your  score  on  the  assignment  itself  since 
the  self-scoring  answer  sheet  is  not 
returned.  ^  '  r' 

If  you  are  completing  this  NRCC  to 
:become  eligible  to  take  .the  fleetwide. 
advancement  examination,  follow  a 
\^hedule  that  will  enable  you  to  compleite 
*L1  Msignments  in  time.  Your  schedule 
should  call  fgr  the  completion  of  at 
least  one  assignment  par  month. 


— ^  ^AlUfiough  you  complete  the  course 

successfully,  the  Naval  Education  and 
Training  Program  Development  Center  will 
nSbt  issue  you  a  letter  of  satisfactory^ 
completion.  Your  command  will  make  a  note 
Ija  your  service  record,  giving  you  credit 
ft^r  your  work. 

WHEN  VOUICCOURSff  IS  ADMINISTERED  • 
BY  HIE  NAVAL  EDUCAHON  AND  TRAINING 
PROGRAM  DEVELOPMENT  CENTER 

Aflter  finishing  an  assignment,  go 
<^  to  the  next^  Retain  each  completed 
ieie-eooring  answer  sheet  until  you 
finieh  all  zhm  aesignments  in  a  unit  (or 
in  the  course  if  it  is  not  divided  into 
units) .  Using  the  envelopes  provided. 


f 


mAil  your  ^olf-ircoied  answor  shoots  to  the    NAVAL  RESERVE  RETIREMENT  CREDIT 
Naval  IJducati  on  and  Train  i  iK|  JProqi  am 
Dcvolopment  Co<it^r  where  tlioladot'os  will^ 
be  vorlflod  /|iid  recf)rdod,   Mako  sure  all  ^ 


Wlankn  at  the • top  of  oaoh  answer  aheet 
are  filled  in..  ^Jnleos  you  tarnish  all  tAo 
information  rdtfuirecf,   it  will  be  ^ 
ImpoBsiblo  to  (jivo  you  crvdit   for  youu 
work.  You  may  wish  t;p  record  your  scored 
on  the  assiqnmtVnts  since. tho  self --scbrlnq 
an3W4?r  aheot^  .nro  not  retiirned. 

Tho  Naval   i:duc:at  i  on  ^t»nd  Train  inq 
.Praaxaui  .DeYeiapmen.t  CeiiLei  wxll  issue  a 
letter  of  aatlstactory  c(^n»j.> lo  t  i  on  to 
certify  nuccosj^ful  completion  of  the 
course    (or  a  c:r editable   ur.it  of  ti\e 
course)^  To  r<>Leivo  a  coui  yorTrompletion 
lett**»r,    ff)l  low   t'he  dirqcM  i  omb  qivon  on 
the  course -comf.)  le  1 1  on   tv)ii  '   m   the  back 
of   this  NRCC. 


#*hla  course  ia  evaluated  at  32-  Naval 
Reserve  retirement  fXDints.     These  ^x^lnts 
are  creditable  to  personnel  eligible  to 
receive  thenuunder  cupjrent  directives 
governing  ^rty:irement  off  Naval  Reserve 
pbvsonnel,     Poin-ts  will  be  credited  in 
units  'as  follows: 

Unit  I:     12  points  upon  satisfactory 
completion  of  "Assignments  1   thrpugh  6, 

Unit^:     12  points  upon  satrisf aeto^^y ' 
completion  of  Assignments  7  through  12. 

« 

Unit  3:     8  pointy  upoh  satisfactory 
conTpletion  of  Assig^nments  13  through  16. 


You  may  k^^^^p  the   textbook  and 
aasiqnments   frn   this  coiu  *    .   HoLurn"  thefii 
only   in   the  event  yoii  dis^nroll   from  the 
course  or  otherwise   tail   to  complete  the 
course,   pi  rO;Ct  i  ons  ^"or  returninq  the 
textb(^ok  and  assignments  are  given  on  the 
book -re turn  form   in  the  baqk  of  this 
NRCC, 

Pfti  PARlNli  I  OR  yODR  AIWANCI  Ml  NT 
EXAMINATION 

Your  'examination  for  ad y a nc emo,n t  is 
based  on  the  Manual  o^  Navy  EnJ-i'sted 
Manpower  and  Personnel  Cla%sifipati 
and  Occupational  Standards  (NAVPERS 
18068) .     The  sources  of  questions  in  ^ 
this  examination  are  given  In  the 
Bibliography  for  Advancement  Study 
(NAVEDTRA  10052).     Sihce  y^ur  NRCO  and 
textbook  arelamonfj  the  sources  listed 
in  this  bibliography,  be  sure  to  study 
both  in  preparing'"  to  take  your  advance- 
ment examination.     The  qualifications 
for  your  rat'ing  may  have  changed  since 
your  course  and  textbpok  were  printed^ 
so  refer  to  the  latest  editions  ol» 
NAVPERS   18068  and  NAV^IDTRA  10052. 


CX)Uj|pll:  OHJECnVF 

' By  obtaining  the  correct  answers  to 
the  questions  in  this,  cpurse  you  will 
have  developed  your  ability  to  overhaul, 
repair,  calibrate,  and  perform  other 
maintenance  operations  on  the  following 
types  of  optical  equipment: 


Telescopes 
Binoculars 

Navigation  instruments 
Gunsights 
Rangef ihders 
Periscopes 

Night  vision*  equipmen 


1 


/ 


V 

) 


While  working  on  this  nonresidtent 
career  course >  you  may  refer  freely  to 
the  text.     You  may  seek  advice  and  instruc- 
tion from  others  on  problems  arising  in 
the  course,  but  the  solutions  submitted 
mutft  be  the  result  of  your  own  work  and 
decisions.     You'ar<^prohibited  from  i;e- 
ferring  tb  or  copying  the  solutions  of 
Others,  or  giving  completed  solutions  to 
anyone  else  taking  the  same  course. 
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(Taval  norn^sldent  career  courses  may  Include  a  variety  of  1t«ais^--  muWl pie-choke,  true-false** 
matcblnq.  etc.    The  Hems  are  not  grouped  by  type;  rtgardless  of  type,  they  are  prevefited-  In  the  same 
9cn^r^»l  sequence  as  the  textbook  material  upon  whichjhey  are  based.    This  presentation  is  de$igned> 
to  preserve  continuity  af  thought,  permitting  step-bijnt«p  de^lopment  Of  ideas.    $om«  couKei  use 
many  t^pes  of  items,  others  only  a  few..  The  student  can  r^ad/ly  Identify  ^e  type  of  eacft  item  (and 
the  dotU^ji  required  of  him)  through  Inspection  of  the  sample*  given  beldw. 

^  MULTtHE-CHOICt  ITEMS 

Each  Item  contains  several  alternatives,  one  of  Which  provides  the  best  aftswer  to  the  item 
sei.ect  t>ie  best  altern5>tlvt  Snd  erase  the  appropriate  box  on  the  answer  sheet.  '  .-  .  \ 


I  SAMPLE 
SftCTetary  c 


The  first  person,  to  be  appointed  SecVetary  oTTefense 
under-  the  Natvional  Security  Act  of  H947  was 

1 .  George  Marshal  1 

2.  'James  Forres tal  - 

3.  Chester  Nimitz  / 
-1.  William  Hal  sey     '  *  *  . 


The  erasure  of  a  correct  answer  is  in- 
dicated in  this  way  on  the  answer  sheet: 


merit 


s-2. 


Oetormine  If  the  .statement 
is  to  be  considered  false. 


TRUE-FALSE  ITEMS 


/ 


1 

s-i 

SAf)PLE 

Any  naval  officer  \s  authorized  to  correspond 
officially  with  a  bureau  of  the  Nifvy department 
without  his  conwanding  officer's  endorsement. 


*s  true  or  false.  If  any  part  of  the  statement  Is  false'the  state- 
Erase  the  appropriate  box  on  the  answer  sheet  as  Ini^lcated  below. 

The  erasure  of  a  correct  answer  Is  also 
indicated  In  this  way  on  the  answer 
sheet: 


■MATCHING  ITEMS 

Ea<;h  set  of  it&ms  consists  of  two  cx/lumns.  each  listing  wore 

Ti 


Is  to  select  the 
considered.  Sterns 


T 


5-2  pife" 

dSf  phrases  01 


2 

1  i;c 

The  la?k 


"  -       column  B  may  be  used  once,  more  than  once,  or  not  at  all.  Specific  instructions 
are  given .w?th  each  set  of  items.  Select  the  numbers  idpntifyinq  the  answers  and  erase  the 
appropriate  boxes  on  the  answer  sheet.  '  ^  - 

SAMPLE 

In  Items  -sO  through  s-6,  match  the  name  of  ^the  shipboard  aff-icer  in  column  A  by  selecting  from 

column  B  the  name  of  the  department  in  which  the  officer  functions. 


■     ^' 9f. ^.*_qer s  B.  ^Departments 

s-3.  Damage  Control  Assistant      1.  Operations^ Department 
CIC  Officer  .       *  ^/Engineering  Department 


The  erasure  of  a  correct  answer  is  in- 
dicated in  this  way  on  the  answer  sheet: 


*s-5.^ Assistant  for  Disbursing 
s-6.  Coimjnicdtlons  Officer 

■Tidy  To  Score  Your  Ximiadla^e  Knowledge  of  Results>^OR)  /tpswer  Sheets 


y.  Supply  Department 
V 


Total  the  number  of  in- 
correct erasures  (those 
that  show  page  nurrfbers) 
^for  each  Item  and.  place 
In  the  blank  space  at 
the  end  of  each  itfm. 


Sample  only 
Number  of  boxes 
erased  incorrectly 


Your  score 


bottom  Of  EACH  Answer 'sheef'  '"'""l"^'^      .^correct  erasures  and  find  your  score  in  the  Table  At  the  .- 


NOTICE 


1  til  T"     ?r'    n^'^h,^?"'"^^'"  (starting  on  that  page)  and  erase  again 

nLmblr  of 'noSSt:  ?L  Sr    '"'T''"  "^stered  by  the  Center,  the  maximuS 

;"'^r  erasures)  will  be  deducted  from  each  item  whith  does  NOT  have 

a    t  ,    CC  ,  or  "CCC    uncovered  M^..  i  nf«  ^u^< —    o         ,^  .. 

1  Pt.  for  T/F  items). 
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Assignment  1 


Advrtuootgcnt   find  The  Na t u r e  of  L (ght 

ToxtboMc  AHulgnmotU.  :     PrtRVin   I -I   tlirouKh  2-2 

— .  4Lr    .     ' 


,   la  lht«  I'Oiirbt*  yovi  will  domonfltr«to  that  learning  haa  tnkoh  place>y  correctly  answering 
tralnlnj^  itmxu.     Tho  m«ru  i>l>yfllc(i!  act  of  fndloating  a  choice  on  an  answer  aheot  la  not  In  itself 
Important;    It   U  l\w  mental  achlw^emGnt ,   In  whatever  form  It  may  tajce,  prior  to  the  phy^al  act 
that   iu  Important  and  toward  which  ooufae  learning  objectives  are  directed,  *  The  select  1^  of  the 
corrci-r  cholci-  for  li  coarHc  training  item  Indicates  that  you  have  Yulfillcd,  at  least  In  bart. 
-the  rttatotl  ob  ject  Ivo(n)  .  '  \ 

'n»c  iicJomSTUahment  of  certain  objectives,  for  ex^Thple,  a  physical  act  such        drafting  a 
memo,  cannot  readll>t  bi»  determined*  by  moans  of  objective  type  couriie  items;  however,  you  can 
demonatrato  by  means  of  answers  to  training  Items  thaj>^u  have  acquired  t^e  requisite  knowledge 
to*perform  the  physical  act/    The  accomplishment  of  -^rtiin  other  learning  objectives,  for 
exaniplt»,  the  mental  aciH  of  comparing,  recognizing,  evaluating,  choosing,   selecting,  etc.,  may 
be  readily  demonstrated   In  a  course  by  indicating  the  correct  answers  to  training  items. 

The  cn>mprehiMislv^^  objective  for  this  course  has  already  been  given.     Ij  states  the  pufpoSe 
of  the  courao  In  terms  of  what  you  will  be  able  to  do  as  you  complete  the  course^ 

The  clej^iled  objectrtves  li\^  each  assignment  state  what  you  should  accomplish  as  you  progress 
through  th6  course.     They  may  appear  singly  or  in  clusters  of  closely  related . object  Ives ,  as 
appropriate;  thcy,^;'arc  followed  by  Items  which  will  enable  you  to  indicate  your  accomplishment. 

All  oljjectlves  In  this  course  are  learning  objectives  and  items  are  teaching  items.  They 

point  out  Important  things*  they  assist  In  Icyarning, '^and  tjiey  should  enable  you  to  do  a  better 
Job  for  tho  Navy.  . 

"*  .  "  ' 

This  aolf-study  course  Is  only  one  part  of  the  total  Navy  training  program;  by  Its  very 

nature  it  can  take  you  only  part  of  the  way.  to  a  training  goal.     Practical  Experience*  schools, 
Belocted  reading,  and  the  desire  to  accomplish  are  afso  necessary  to  round  out  a  fully  meaningful 
training  program. 


Learning  Objective:     identify  tho  two 
overall  types-of  ratings,  duties  and 
responsibilities  of  an  Optlcalman  and 
the  purpose  and  sources  o£  information 
pertalnlngr  to  advancement.  Textbook 
pages'  l-l  througlr  1-9. 


1-i. 


1-2 


Study  of  the  Optlcalman  rating  Includes- 
.learning  which  of  the  following  operations? 

t.    Colllmatlon,  scaling,  ^nd  drying 

2, ^    Inspect  Ion,' disassembly ,  and  repair 

3.  Replacement  or  manufacture  of  parts 
.  .AH  of  the  above 

What  l8  the  lowest  Optlcalman  rating  that 
carries  •iresponslbil  ity  for  the  maintenance 
of  records  and  logs  in  rhe  shop? 

1.  0M3 

2.  0M2  . 

3.  OMl 


l->3.     Responsibility  for  administering  an 
optical  shop  generally  begins  at  the 

1.  E-4  level 

2.  level 

3.  E-6  level 
A^.     E-7  level 

1-4/    As  you  advance  in  the  Opiticalman  rating, 
you  will  be  given  greater  renponsiblllty 
snd  one         to  prepare  for  this  is  by 
observing  the  work  of  Optlcalmen  at 
higher  levels . 

1-5.     When  should  shop^  safety* be  emphasized? 

1 .  Occasionally 

2.  When  working  with  power  tools 
'3.  Always 

4.  When  working  with  Junior  pei;8onnel 


^05 


1-6. 


L-7. 


1-8. 


The  rat*  triilntng  m«nurtl   is  orgnnlxod 
aroumi  tluvakllU  of  an  Optl'calman, 
VrtUch  tl^ocunient  a©ai:rlbo8  the  minimum     •  \ 
'rtk1!!«  required        an  Optlt  atman?  ^ 


1-U 


I 


NAVPKRS  L8Q68-4),  Manual  of  Navy 
Knl  latod  Mnnpowor  and  Poreonnel 
Claniilf  Icat  ions  and  Occupational 
Slamlfirds 

Notice  LAia 
NAVEirrUA  10052,  Bibliography  for 
Ad  va nc  emon  t  S  t  ud  y 

NAmrRA  10056,  Military  Requirements 
for  IVtL-y  Officer  U2  ^  ^ 


Who  dotnlis  porsonniiL  who  have  acquired 
O'ptlealman  skills  to  fill  billets  that 
require  these  skills?  ^ 

1. 

2. 


Chief  of  NavaL Personriel 
Deputy  CWlef  of  Naval  Operations 
(Manpow^) 
3.     Kn II 8te4ii Personnel  Distribution 

Officers 
A.     Chief  of  Naval  Operations 


Your  advancement   in  rate  Is  Important 
to  you  and  to  the  Navy.     Wliat   Is  the 
primary  reason  the  Navy  wishes 
ad vq nee? 


1-13. 


you  to 


I. 

2, 

3. 

/4. 


You  become  more  valuable  as  a  trainer 
.You  become  more  valuable  as  a 
specialist 

You  become  cMgible  for  shore  patrol 
Your  Job  becomes  more  Interesting 


TJlfich  publication  will  normally  keep  you 
up-to-date  on  changes  In  the  advancement 
system?         '  ^ 

1.     NAVPERS  18068-D,  Manual  of  Navy 
Enlisted  Manpower  and  Personnel 
Classlf  Icrtt  I6n8  aiKl  Occupational 
Standards 

2<     BUPERS  Notice  1^*18 

3,     NAVKDTRA  10052,  Blbllog^faphy  for 
Advancement  Study 

A,     NAVEDTRA  10056,  Military  Requ Iretnents 
for  Pfetty  Officer  3&2 

I-IO,  Which  of  the  following  best  expresses  the 
advantages  of  advancement? 


1-lA 


1-15. 


An  Increase  In  pay 
*More  Interesting  and  challertglng 
asslgtiinents 

Self-sat Isfict Ion  that  comes  with 
increased  responsibility 
All  of  the  above 


Wlilch  of  the  following  (actor&^«^OT  . 
alway^  a  requirement  to  qualify  for 
advancement  to  0M3? 


l. 

2, 
3, 


Completion  of  a  specified  nonresident 
oai'eor  course 

Parsing  a  written  examination 
l.ongth  of  time  In  grade 
^gth  of  time  in  service 


An  \0M3  preparing  for  the  sorvlcowldo 
examination  for^ advancement  to  0M2  should 

itx^Qct,  to  bo  (.estcd  on  the 

1.  military  requirements  and  profod- 
sion^l  qualifications  f<fr  .0M2  ' 

2.  military  requirements  for  0M3  and  0M2 
and  the\prof esslonal  qualifications 
for  0M2  \ 

3.  professional  qualifications  for  0M3 
am!  0M2  and  the  military  requirements 
for  0M2 

A.     military  requirements  and  professional 
qualifications  for  0M3  and  0M2 

Wliere  can  you  find  a  current  list  of 
the  navial  standards  for  adv^incement? 


BUPERS  Notice  1418 

NAVEDTRA  10052,  Bibliography  for 

Adv(*ncement  Study 

NAVPER^>  i8068-D,  Manual  of  Navy  ; 

Enlisted  Manpower  and  P^sonnel 

Classifications  and  Occupa4:ional 

Standards 

NAVEDTRA  10056,  Military  Requirements 
for  Petty  Officer  3&2 


Wliat  factor(8)  determine(8)  your  final 
multiply  score?  ^  •  .  * 

1.  Your  score  on  advancement  examination 

2.  Your  length  of  time  in  service 

3.  Your  performince  marks 
A,    All  of  the  above 

For. you  to  mak^  0M2  you  must  have  hpw 
much  time  In  service? 

1.  18  mofl 

2.  2  yrs  • 

3.  3  yrs  ;\  : 
A .    30  mos  V* 


-16.    How  much  time  in  service  is  required  for 
advancement  to  0M3? 

1.  1  yr 

2.  2  yrs 

3.  18  mos 

4 .  30  mos 
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•  .  \    \     •   .  ■  .      .  .  ^ 

1-17.    i^efsofinei  ^Advai.K'om«s)t  Raqulromonts  (PAR) 
mu»t  ^Ixtt  (iompLot?dcr  f or  ..dvancomont  to 
'      *  V  ;  ■     ^  * 

3;     K~3  thorough 

through  K-9 
*       *         #k.  •  ^ 

r~18.    'l'Ko^"Comm«iul  tng  OfflcoV  mnV  advance  whnt 
t)^r<;<^ntHgt^  of  gt:adiiat!ti8  of  rocritlt 
training?  • 

i:  10% 

•'4.^  23%  "  *  ^ 

How  much  obligated  service  in  required 
•     foV  advancements  to  E-7  through  K-9? 


I 


i%24,    Advan9Qment  authorization«  are  issMod  by 
NAVEDTRAPROaKVCEN  for  porsonnoi  b6tng 
ac! va nc ed  to  pa y g r ad e 8 

1.  E-3  through 

2.  E-A  through  E-7 
'  3,     E--A  through  E-6 

/* .     E-3  through  E~6 

1-25.    What  does  the  advancement  syatem 
guarantee? 

1.  A  certain  percentage  of  perscuinei 
liv-aii^ratlng*  wili^  bo^dvunood  

2.  Certain  pergonnel  will  be  advanced 

3.  All  persons  withlrt  If  rating  will 
compete  equally  ^ 
Personnel  with  the  high6?jt  exam  / 
scores  will  bo  advanced  N 


1-20, 


1-21, 


1-22, 


1-23. 


2.* 

A* 


18  mo  3 

2  yrs 
30  mo  3 

3  yrs 


1-26. 


Candidates  for  which  rates  muqt  demon- 
strate knowl^gfe  of  military  subjects 
by  passing  a  jLocaLly  administered 
mil  itary/ l^adersh  Ip  exaJiinat  ion  based 
on  naval  standards?  ) 

1.  PCs  16iC 

2.  PCs  2f.l 

3.  PCs  3  through  C 

4.  POs  3^.2 

Xi  the  number  of -vacancies  in  a  rate  Is 
mt?re  thah' the  number  of  qualified 
personnel >■ what  will  happen?  , 


\The  beat  qualified  will  be  advanced 
ll^ength  of  service  requirements  will 
be  waived 

Time  In  rate  requirements  will  be 
waUved 

Those  qualified  will  be  advanced 


Whai'^ar^  the  areas  In  which  personneT 
seeking  Advancement  are  given  credit? 

1.  SenloVl^,  ag«»  and  performance 

2.  Present  ^uty,  age,  and  performance 

3.  Perfornance,  knowledge,  and 
senlprity, 

4.  Scope  of  ^lytles,  education,  and, 
performance 

How  many  facti6ars  go  to  make  up  the  final 
multiple  scorW? 


4^ 


1-27, 


1-28. 


1-29. 


I'lho  schedules  the  Inil itary  leadership 
examinations? 

L .     Chief^  of  Naval  Personnel  . 

2,  Commanding  Officer 

3,  Division  Officer 

4,  Education  Services  Officer  \ 

To  find  the  required  and  recommended 
training  courses  to  study  for  advance-^ 
ment  In  rating,  what  publication  should 
you  study? 


Navy  EnJ.l8ted  ft^TTMwer  and  Personnel 
Clasalf  lcaCioiiA^«fl\^cupat  ional 
Standards,  NAVPERS  18l)68 
Bibliography  for  Advancement  Study, 
NAVEDTRA  10052  / 
Guide  Ifor  Enlisted  Classification/ 
Shipboard  Training  Manual 


Where  AVf  (eCtA^ay/al  Standards  and  (b) 
Occupational  Standards  found  In 
NAVPERS  18068? 

1.  (a)  Section  I  (b)  Section  II 

2.  (a)  Section  II  (b)  Section  I 

3.  (a)  Section  t  (b)  Section  I  , 

4.  (a)  Section  II  (b)  Section  II 

How  do  you  get  hold  of  your  copy  of  th^ 
Exam  Information  Sheet? 

1.  Request  It  from  the  proctor 

2.  Get  It  from  the  Education  Services 
Officer 

3.  Go\  to  the  persontkel  office  for  It 

4.  It  yill  be  turned  over  to  you  when 
you  turn  In  your  exam 


1 .  Five 

2.  Two 

3.  Three 

4.  Four 
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.  1-30.     Your  Profli*  Form  Information  Sh^et  hclpn 
you  Identify  your  itrong  and  veAkareAa 
In  an  examination. 


■31 


»ow  do  you  g«t  cvplea  of  the  standard tt\ 
and  bibliography  »he«t  for  your;rat lng?\ 

1.  Check  with  the  personnel  officer 

2.  See  your  dlviaion  officer 

3.  Consult  the  exam  proctor 
A.  Contact  your  KSO 


1-32.    Wliat  paygrades,  if  any,  are  exempted 

from  the  Personnel  Advancement  Rcqulrft- 
ment  TpAR)  program? 

1.     K-3  apprenticeships,  and  E-9 

*         2.     E-a  and  E-9  only  ^ 
3.     E~3  apprentlceshlpa  only 
A .  None 


1-33. 


Whl^h  of  the  following  doc^ments 
replaces  the  Record  of  Practical 
FactoVs? 

■  \ 

1.  Pcr^minel  Qualifications  Standards 

2.  Engineering  Operations  Sequencing 
System\ 

3.  Personnel  Advancement  Requirement 
(PAR)  Pr^^ram 

4.  Occupational  Standards 

The  PAR  Is*  made  \ip  of  how  many  sections? 


1-35.   \Wh^are  E-3*s  exempt  frdn  the  PAR 

\ 

Navy. has  other  way\  of  examining 

2.  The^pptenticeships  are  koo  broad 

3.  The  ^ppulatton<>Qf  E-3's  i\  too  large 
A.    They  i^r^  with  the  equivalent  of  PAR'S 

in  '*A"  \school 

\  \ 
What  infotm^kion  is  found  In  Section  II 
.of  the  PAR?  \ 

1.  Formal  School  and  Tralhlng  Requ\re- 
ments  \  j 

2.  Administratis  Requirements 

3.  Occupational  kequiremente 
A,    Military  AbiliVy  Requirements  \ 


1-37.     Successful  completion  of  the  E-A/E~5 
military/leadership  exam  is  entered 

in  ^ch  section  of  the  PAR?  


vl-38. 


1-39. 


1-AO. 


1. 
2. 
3. 
A. 


I 

n 
III 

IV 


Which  of  the  following  functions  is  NOT 
served  by  the  Personnel  Qualifications  J 
Standards?  | 


Describing  the  knowl^e  and  sklrll^ 
a  trainee  muAt  have  to  perform 
duties  correctly  • 
Providing  a  ^tty  officer  to  teach 
the  learner  in  each  step  of  work 
\Individualii;ing  learning 
lUftcing  responsibility  for  learning 
on  the  learner 


3. 
A. 


Which  Q^these  PQS  series  numbers  is 
incorrectly  matched  with  its  title? 

1,  100  series  ~  TlJbry 

2,  200  serJses  —  Purposes 

3,  300  seri^  ~  Watchstandinfe 
A.  AOO  serieA  ~  QOalif ication  Cards 


Personnel  Quail 
support  the  advai 
requirements  whic 


ations  Standards 
^cement  in  rating 
are  given  in  the 


2. 


3. 


Basic  Military  Requirements,  NAVTRA 

1005ArD  ^ 

Bibliography  for  Advancement  Study, 
NAVEDTRA  10052  setSles 
Navy  Enlisted  Manpower  and  Personnel 
Claesiflc'ationi  aiid\occupational 
Standards,  NAVPERS  18068  series 
A,    PersoYinel  AdvancementX Requirement 
(PAR)  Program,  NAVPERS\ lAlA/A 

1-Al,    Which  «ubje?t  section  is  NO^  contained 

•    in  the  Personnel  Qualification  Standaxidi^ 

!•  100  series  -  Theory 

2.  300  series  -  Watchstanding^ 

3.  Feedback  forms 
A .  Maintenance 


Learning  Objective!    Identify  the 
purposee,  benefits,  and  limltatloni 
of  the  Planned  Maintenance  System. 
Textbook  page  1-10. 
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i-A2.    Which  of  th«  foUovlng  im  NOT  a  purpoHc 
.of  thm  Planned  Malnt«niinc«  Syfttem? 

-/  ^ 

1.    ^0- describe  the  methods  and  tool» 
^  to  be  u9mS  ^ 

*  2.     To  plan  and  achedule  malnteiVhnco 

3.  To  provide  Increaeet!  readlnena  of 
the  ship    ^  ^  4  ^ 

4.  To  define  the  maximum  planned  mainte- 
nance re(mlred  to  schedule  and  con- 
trol PMS^erf^  rmancc 

IhiL  Planned  bUintenan&e  Syatem  (HMS>  doea 
NOT  Include  which  of  the  following 
functions? 

1.  Administering  examinations  on  mainte- 
nance theory 

2.  Providing  for  detection  ainl  preven- 
tion of  Impending  caaualtiea 

\.    Describing  pethods  and  tools. to  be 


l-sA?. 


In  slOudylng  for  aA^anuiament ,  which' of 
the  ?;0llQwlng  publi^rftiona  will  be  a 
hindeju^hce? 


NAVSEA  Journal 
Bluf print  Reading  aVd 
Naviil  Ship* 8  technlci 
Otyiolete  rate  training 


Sketching 
Manual 
manuals 


1--4J. 


44, 


i-45. 


used  ^ 
4.     Estimating  and  evaluat  Ing^^aterlal 
readiness 


m 


Which  of  the  following  is  NOT  a  benefit 
of  PMS? 

1.  Intenalfftd  rellabjlllty 

2.  Increased  economy 

3.  Better  recorda 

4.  Eliminates  major  corrective 
maintenance  % 

The  flexibility  oi^.  the  PMS  aystera  allows 
for  changes  to  employsient  schedaies.  \ 


i-A6.    Which  of  the  following  actions  Is  NOT 
required  for  the  Planned  Maintenance 
System  to  be  successful? 


2. 
3. 


Prof  AS'loiial  g(/ldance^f  rom  several 
available  sources 
Obtaining  a  degjree  in  management 
Direction  at  each  echelon  of  the 
organi*ation  \ 

Training  in  the  i!baintenance  st^ps 
and  in  the  systen^ 


.     If»  extensive  changes  In  standards  occur 
between  annual  revisions  of  TlAVEDTRA 
0052,  a  supplementary  liaf  of  study\material 
win  be  published  in  Training  Informaeilon 
Procedures  for  -RSO's  ^TIPS")  NAVTOTIUV 
This  publictttion  of  the  Naval  Bducatit)n\and 
Training  Program  Development  Center  Is 
published  quarterly  to  provide  a  current  list 
of  NAVEDTRA  publications  and  other  Information 
to  update  training  materials. 


1-48.     If  extenaiy^  changes  in  the  Occupatiorti^ 
Standards  ftjr  your  rating  require  an 
updating  of  |the  Bibliography  for 
Advancement  Study »  where?  will  this  . 
revised  rendj^ng  list  be  published? 

1.  Naval  Sea  Systems  Notices 

2.  TIPS 

%.  The  NAVEDTRA  monthly  magazine 

4.  The  NAVPERS  mont^ily  magazine 

1-49.     How  often  is  NAVEDTRA  10052  revised! 

\ 

\ 

1 .  Every  6  months 

2.  Every  year 

3.  Every  quarter 

4 .  Every  2  years 


If  you  are  working  fot  advancement  to 
second  class,  you  need  to  'study  only 
the  material  listed  at  the  second  cla^s 
level. 


T 


Learning  Objective:    jtndi<B|te  studying 
techniques  and  otherXsour^i  informa- 
tiort  needed  to  prebare  for  exiinination. 
Textbook  pages  l-lCJ^thVough  1->12. 


r 


Once  you  have  a  copy  of  NAVEDTRA  10052 
In  hand,  the  first  thing  you  should  do 
in  preparing  fot  advancement  is  to 


check  the  table  of  contents 
oake  sure  you  have  the  current 
edition 

zero  in  on  the  standards  that  apply 
to  your  rating 

review  the  standards  at  lover 

paygrades 
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-5?,.-    Which  of  the  coi^r«o«  1  latcd  In  NAVtoTRA 
10052  for  your  riiting  niu»t  you  comploto^ 
to  b«?.ollglbU  to  take  th«  adv/inc«mont 
(a  rating  axa'minac  ion«? 


AlC  couraea  listed  for  the  occiipa-  ' 

tlonal  field  /4  ^ 

All  cour»e«  *i  luted  for  the  jioxt 

higher  rato  .  ^ 

Courses  mnrked  with  an  asterisk  at 

the  next  hlgUor  rate 

Unmarked  covirses  listed  for  t li#_jgLfiXL^ 
hi^er  rate  (-^-^ 


:acn  mandatory  manual  listed  In  NAVEIDTRA 
iQ05?  may  >c  completed^  in  one  of  how 
mai\^  ways?  ^  - 

1.  rive 

2.  t\o 

3.  ThVee 

A .  Folly 

You  are  r^reparing 'to- take  the*  examlnat  Ion 
for  0M2.  \Whlch  covraea^nd  references  in 
NAVKDTRA  lt^52  will  you  be  examined  on? 


1,' 


3, 


Ail  courses  and  reierences  llstetl  for 
E-/^  and  F\-5  for  thfpOM  rating 
Aii  cours^  listed  for  E-5  ship 
malntenanc^  group  ratings 
Courses  marked  with  an  asterisk  for 
K-5  and  'E~6  in  the  OM  rating 
Courses  marked  wltK  an  astcr^isk  for 
E-5  group  4  ratings 


55,     How  many  types  of  riite  training  manuais 
are  there? 


1 .  One 

2.  Two 

3.  Thtee 

4.  Four 


\ 

\ 


In  It«ims  1-56  through  1-58,  select  tYe  publVca- 
t.lon  from  column  B  that  1h  a  source  of  the  s\ 
Information  In  column  A 


1-56.    .Knowledge  and  ' 

skills  appllcahle 
toj  each  paygrade 
wlSthln  the  OM 
rat  l«ng 

.Latftttt  edition  ol  ... 
a  given  Rate 
Training'  Manual 

1-58.     Referenoea  used 

for  source  mater Ini 
for  advancement 
examinations 


B,  NAVKDTRA 
J_l_J|*u  b  H^at^l^ns 

I.     Navy  Enilstod 
Manpower  and 
.  Personnel 

^      Ciassif  U'atlonB 
and  Qccupationoi 
Standards 


i-6i. 


4. 


Bibliography 
for  Advancement 
Study,  NAVEDTRA  ' 
10052  jiarles 

List  of  Training 
Manuais  and 
Correspondence 
Course,  NAVEDTRA 
10061  series 

'  Tfie  Metric  C 
Syst'em,  NAVEt)TRA 
A75-Oir00^75-i 


1-59,     Each  rate- training  manual  contains 

informat ion  relating  directly  to  the 
occupational  qualif Icat fons  of  sev^al 
rat  ingp . 

1-60,    Which  of  the  following  lUnts  for  studying 
should  heip  yQu  get  t!ie  most  from  your 
Navy  training,  course? 


I. 


2. 


A. 


Devote  your  t Imo  excluqively  to 
important  military  top^cij  -  ^ 

Try  not  to  cover  a  complete  unit  in 
any  one  study  period 
Omit  easy  material;  study,  only  thfe 
most:  difficult  and  the  unfamiliar 
ttake  notes  as  you  "study,  puttlftg  the 
main  i^eas       your  own  words;  then 
review  your  notes  *^ 


As  you  gtudy  A  Navy  training  courafe^  : 
what  study  practice  should  you  follow? 

1^    Set  'qp,  a  fixdd;  number  of  ptges  to 
atudy  in  each  and  every  atudy  period 

2.     Tie  in  new  information  with  things 
you  know  already 

Meiporlze  as  much  as  you  can  ttom  a  4 
chapter  and  repeat  it  j^o  a  shipmate 
A.    Skip  over  the  illuiitrat ions  and 
aave  then  until  the  end  of  your 
.  course  % 


X 
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1-69, 


1-62, 


l~63. 


1-6/*, 


1-65. 


1-66. 


1-67, 


I.ttArning  Objective!  Identify 
or I'glUdtors  of  th^  vurlou8 
thcurlea  of  light  and  the 
chnracter Int Ics  itnt\  sourcoa 
of  light.     Textbook  pagtts  2~l 
through  2-2. 


What  theory  of  light  was  believed  by 
the  nncient  Crocks? 

L.  Generated  particles 
2»    Absolute  mfriicTX^jfi 

3.     Expostulating  hyperthermia 
A,     Positive-negative  plioton 

Newton's  corpuscular  theory  described 
light  as  a     .  , 


1-70. 


I. 

2. 

/4  ' 


Stream  of  j>ni:'tlcles 


wave>)f  energy 
reflected  energy 
wave  mot  Ion 

The  wave  motion  theory  of  the  reflection 
and  refraction  of  light  was  developed  by 

1\     Newt  on 

2 .  Thomas 

3.  Huygens 
^.  Fresnel 

Particle  suppoxters  believed  that  light 
was  a  wave  pMnomerton, 

One  of  th(^^prlmary  arguments  which 
supported  the  particle  theory  of  light 
wa  3  t  ha  t 

1*     light         A  wave  phenomenon 

2.  Sound  can  be  heard  around  the 
(;prner  of  a  building 

3.  light  travels  in  a  straight  iig^ 

4.  waves  creaLfd  on  water  cause  IT^ 
d isturban<?!w around  an  obstacle 

Huygens  could  not  explain  how  light  InoVe^ 
through 

i»    water  ^  , 

2.  earth 

3.  obstacles 
^.  space 


1-68,     Which  of  these  concepts  was  most  foreign 
te  Huygen*s  theory  of  light? 


1-71. 


1-72. 


I*  _  Corpuscle* 

2.  Elastic  medium 

3.  Ether 

4 .  Waves 


In  the  olectromagn'it ic  theory »  what  did 
Maxwell's  tlmory  Jioldt 


1^ 


3, 


A. 


Enotgy  was  given  off  intermittently 
by  a  radiating  body 

Light  was  waves  of  energy  tranamitted 
by  an  electric  mmlluin  callad  ether 

Energy  was  given  off  cojtit  itl^Ously 
by  a  radiating  body 
Alternating  electric  currents  with 
short  wavelengths  arc  of  electro^ 
magnetic  origin  » 


In  rejecting  the  electromagnetic 
tTieory.  Planck^  prop6ae<J  all  EXCEPT 
which  of  the  following  Ideas? 


1. 


3. 


A  radiating  body  contains  a  large 

number  of  tiny  oscillators 

The  higher  the  temperature  of  the 

radiating  body,  the  ahorter  the 

wavelength/i  of  most  energetic 

radiation 

Energy  from  a  radiating  body  Is 
given  off  continuously 
Electrical  action  within  the  body 
Is  due  to  atoms  Within  the  body 


In  Plank^s  Quantum  Theory,  light  Is 
defined  as 


small  particles  of  matter  emitted 
from  a  source  and  propagated  out- 
ward In  straight  lines 
a  train  of  waves  with  fronts  perpen- 
dicular to  the  paths  of  light  rays 
propagated  from  a  source 
energy  radiating  continuously  from 
a  sotffce  and  propagated  outward  as 
electromagnetic  waves 
small  particles  of  energy  radiated 
from  a  source  and  propagated  outward 
In  waves 


3. 


What  discovery  In  Compton's  experiment 
brought  the  study  of  the  theory  of  light 
back  again  to  the  ccTrpuscular  theory? 


Lightwaves  of  different  lengths 
Small  particles  ot  radiated  energy 
are  grains  of  energy 
Quanta  set  free  move  from  their 
source  in  waves 

Particles  of  light  have  momentum  and 
kinetic  energy  like  particles  of 
matter 


4ii 


What  (Hnoovcry  cmititd  many  «clentl«^«  to 
Accept  Mftxwell'n:  •ariler  rejected  '  — 
«jL«ct romAgn«tlc  theory? 

1.  JMu/nomcn*  of  light  aot  accoiintud  for 
by  the  wnvc  theory 

2.  Particl««  of  Ught  with  momentum  and 
kinotlc  tthorgy 

l.lghtwavo»  of  different  iongthii 
A.     Quanta  havo  f requeue  Us' 1 Ike  waves 


-7A.    Vrt^at  theory  of  light  In  usckI  in  all 
d\«ou«»lonii  In  tWia  manual? 

1 .  Quantum 

2 .  Wave 

3 .  KlACtromagnot  fc 
A .  Corpuscular 

1-75.    Which  celestial  objects  are  eourcen 
natural  light? 

1.  Sun  and  comets 

2.  Moon,  Bun»  and  stars 

3.  Sun  and  stars 
A.  Moon  ^nd  aun 


) 

/ 
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Assignment  2 


Th#  Nature  of  li^Ut  ICuntinufKjj 
Taxtbpok  A«»lgmnonti     Pngow  2-2  through  2-21 


2-6. 


2-L 


2-2. 


2-3. 


Urtrnlng  Objective:     RccognlEo  the 
ch«rncterl«tlcs  of  light,  lllumina-  * 
tion,  and  radiation.     Textbook  pages 
2-1  through  2-5. 


Wlilch  of  these  sources  of  light  Is 
considered  'Siatural"  In  the  atudy  of 
optics? 

1.  Volcanic  activity 

2.  Insect  lumlncsconje 

3.  Stars 
^.  Lightning 

Which  of  the  following  examples  Is  an 
artificial  soujrce  of  light? 

1.  Lightning 

2.  Vegetable  luminescence 

3.  Fluorescent  light 

4.  Volcanic  activity 

Any  object  that  can  be  seen  due  to  light 
energy  reflected  from  Its  surface  is 
called  a/an  ^ 

1.  Illuminated  body 

2.  luminous  body 

3.  absorbent  body 

4.  radiant  body 

2-^.     Illumination  means  the  act  of 

1.  casting  light  energy 

2.  receiving  light  energy 

3.  holding  light  energy 

4.  cresting  light  energy 

2-5.    Which  of  the  following  meters  la  used  to 
measure  the  intensity  of  illumlnstion? 

1.  Electrician's  multimeter v 

2.  Photographer's  exposut*  tneter 
,3.    Alpha  ffiet#r  Mk  10 

4.,   Pocket  dosimeter  IM  9 


2-7; 


2-8. 


The  illumination  on,  a  table  top  at  right 
angles  to. and  at  a  fixed  distance  from  a 
point  source  is  measured  in  units  of 

1.  watts 

2.  candles 

3.  foot-candles 

4.  intensity 

What  is  the  degree  ot  Illumination  on  a 
surface  20  feet  directly  below  a  point 
aource  compared  to  the  degree  of  illu- 
mination on  a  surface  2  feet  directly 
above  the  same  soijrce? 

1.  1/10    as  great 

2.  1/20    as  great 

3.  1/40    as  great 

4.  1/100  as  great 

If  the  plane  In  figure  2-2  of  the  text 

1«  3  feet  from  the  light  source,  the 
lllimilnation  is 

!•     1  foot-candle 

2.  1/3  foot-candle 

3.  3  foot-candles 

4.  1/9  foot-candle 


<13 


1.379 


Flgur«  2A 


2-9.    Which  part  of  flgur*  2A  b««t  d«tSlct«l 
light  warty  traveling  outward  f^c*n  a 
point  source? 


1.  A 

2.  B 

3.  C 
A.  D 

2-10.  '  Vmat  la  thermal  radiation? 


1.  Mechanical  electromagnetic  wavea 

2.  Energy  in  the  form  of  wave  motion 

3.  Heat 

A.  The  name  an  li^ht  energy 


Learning  Ob'jective:     Identify  the 
characteriiltica  of  light  tranamiaalon^ 
ite  uaea»  and  aolve  converaion 
problema.    Textbook  pagea  2-5  through 
2-11. 


2-11.    What  la  the  main  purpoae  of  optical 
Inatrumenta? 

1.  Image  formation 

2.  Light  reflection 

3.  Light  reftaction 
A.  Light  abeorpti6n 


2-12.    How  far  do  wave  fronta  move  from  a 
eource  of  light  before  thoy  ere 
conrttdorod  to  bo  piirnllol  to  ench 
other?  ♦ 


2-13. 


2-1  A. 


2-15. 


1. 
2. 
3. 
A. 


l»000  yd 

U500  yd 

2»pOO  yd 

2,500  yd 


A  pinhole  camera  takea  a  picture  of  a 
T-ahapad  object,  ilio  image  formed  on 
the  film  in  the  camera  looka  like 


1.  T 

2.  _L 

3.  H 

A.  H 


If  wavea  Hre  moving  at  a  ^peed  of  A 
feet  per  seoond  and  hikvfe  a  frequency 
of  .12  wavea  per  second,  what  is  the 
wavelength?  * 

1.  0.33  ft 

2.  0.50  ft 

3.  0.66  ft  ^ 
A.    -0.75  ft 

About  how  many  millimeters  ore  in  an 
inch? 

1.  39 

2.  25 

3.  lA 
A.  8 


2-l^l^A  millimeter  contains  how  many  microns? 
'  ^2.  ^100 

-  3.  rjooo 

^  A.  10»000 

2-17.    How  many  milllmicrona  are  in  a  micron? 

1.  10 

2.  100 
3*  1,000 
A.  10^000 

2-18.    How  n«ny  •ngatrom*  are  In  «  rallllnicron? 

1.  -10 

2.  '  100 

3.  1,000 
A.  10,000 
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Hi 


Mow  many  X-rnyn  vinitu  are  in  nn 

1.  '  10 

2.  100 
^.  t.OOO 
A.  10,000 


^-26^  ySvinhurn  comoM  from  which  type  of  rnya? 

X-rny 
Cosmic 
Giinvna 

Ultriivlolct 


11\o  ru^lons  of  the 
Hpoctrum  liwnod tut* I) 
vlHlblc«  lljjht  nrc 


2-27, 


lectromagnot Ic 
lur  rounding 


L.  raclnr  and  gamma 

2.  radio  and  Infrared 

t;  "cVr^mtr  nmt  mTtlo         ~~    "  " 

A.  Infrared  and  ultraviolet 

T\\Q  visible  portion  of  tho  electro^ 
magnet  li:  npectrum  consiets  of  wave- 
lengths from 

K     0.000015  to  0.000026  Inch 

2.  O.OOOOn  to  p.  000038  Inch 

3.  0.000038  to  0.000066  Inch 
A.     0.000026  to  0.000066  Inch 

Wavelengthli  that  we, use  to  sec  by  are 
between 

1,  200  and  300  rau 

2,  300  and  500  mu 

3,  AOO  and  600  mu 
A,     AOO  nnd  700  m^i 

Which  of  these  colors  has  the  shortest 
wavelen-lith? 

1.  Indigo 

2.  Green  ' 

3.  Orange 
A.  Red 

Which  of  these  colors  has  the  longest 
wavolengti\? 

1.  Violet      *  , 

2.  Blue 
3^  Green 
A.  Orange 

What  kind  of  rays  are  given  off  by 
atomic  particles? 

^1.  Alpha 

2.  Beta 

3.  Gamma 

A.  Delta  * 


2-28. 


2-29. 


What  part  of  tho  electromagnetic 
spectrum  Is  uaed  for  conf Ictentlal 
signalling  between  ships  at  night? 


'1.  Radio 

2.  TV 

3.  Ultraviolet 
A.  TnTrafcd 


] 


Wliat  Is  the  principle  upon  which  a 
SnooporscoVe  or  Snlperscope  works? 


1.  Ganma  rays  are  directed  at  an  object 
and  reflected  back  to  a  device  which 

.  changes  the  reflected  rays  to  X-rays 
and  then  to  visible  light 

2.  Infrared  light  is  directed  at  an 
object  and  reflected  back  td  a  device 
which  changes  the  reflected  light  to 
visible  wavelengths 

3.  Infrared  light  of  a  given  wavelength 
*  is  directed  at  an  object  and 

reflected  back  to  «  device  which 
detects  any  change  in  the  ijavelength 
of  the  reflected  light 
A.     Rad^r  waves  are  directed  at  an  object 
and  reflected  back  to  ttie  wave  source 
.    where  the  reflected  waves  are  changed 
K)    to  visible  light 

How  long  does  it  take  for  radar  to  reach 
the  moon?  •* 


1. 
2. 
3. 
4. 


1.0  sec 
1.3  sec 
2.0  sec 
2.6  sec 


2-30.    What  accounts  for  th#  bending  of  light 
rays? 

1.  The  length  of  wavea  In  the  electro- 
jwignctic  spectrum  • 

2.  Vhe  difference  of  heat  in  the  media 
through  which  light  travels 

3.  The  differehc*  In  the  speed  of  light 
through  different  media 

A.    The  different  laws  of  optics 
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m\mt  difficulty  pr«v«nt#<i  RocMr  from 
rinding  th#  •x«ct  upved  of  light? 

«•  thought  thut  the  »p««d  of  light 

lnMC«uc«n«ouii' 
HoN:ould  not  Accurntttly  calculate 
y\\mi\  onm  of  the  moouH  would  he 
•cllpntid  by  Jupltor 

3.  »«•  ciilctjluted  «  l,200-ii«coud  d«lay 
.  Inataad  of  a  UOOO n^cond  delay  In 

the  predicted  time  of  ecllpao 

4.  Hfi  tried  to  calculate  too  far  ahead 

2-32.    Which,  If  any,  of  the  following  Itema 
-  d^lrd  Pro^feaaor-M^tchv^lwon  TT«e  to  fneasurd 

the  apeed  of  light? 

1.  A  round  mirror  mounted  on  top  of 
^        one  mountain  reflecting  a  ray  of 

light  to  a  photoelectric  senaing 
device  located  20  mllea  away 

2.  An  ootagonal  mirror  located  on  top 
of  a  mountain  reflecting  a  ray  of 
•light  to  another  mirror  located  on 
another  mountain  20  miles  away 

3.  An  octagonal  mirror,  lonaeSi  imd 
light  source  mounted  on  top  of  one 

•mountain  and  a  concave  and  plane 
mirror  located  pn  top  of  another 
mountain  22  ml lea  away 

4.  Non^  of  the  above 

2-33.     Th«3  (tpeed  of  light  is  fas  teat  in 

f 

1.  air 

2.  ordinary  crown  glaaa^ 

3.  water 

4.  medium  flint  glaaa 

/ 

2-34.    Of  the  media  given,   the  speed  of  yellow 
light  la  Bloweafc  In 


2-36. 


1.  rock  8f It        ,  ^ 

2.  quartz^ 
carbon  disulfide 

4.  diamopj^ 


2-35.    (Wliat.  if  ^ny thing,  happens  to  the  ap 
,;of  light        it  travels  from  air  Into 
water? 


apeed 


1.  Increases  ^ 

,2.  iDecreaa^ta 

3.  tncreji^d  and  ti^n  decraased 

4.  Nothing;  it  remiina  unchanged 


Learning  Objective!  Identify 
characierlatlcs  of  light  which 
detetttthe  its  variations  of  oolot. 
Textbook  pages  2-11  and  2-12. 


0 


2-37. 


Tl^a  process  of  breaking  white  light  into 
Its  colors  is  called 

1.  dleperelon  v 

2.  fragmentation 

3.  reflection 

4.  refraction 

miy  do  Vou  ae«  red  when 'you  look  at  a 
piece  of  red  paper  in  the  sunlight? 

T\\e  paper  is  absorbing  a  lot  of  red 

11^0  paper  la  raflecting  a  lot  of  red 

11)e  paper  is  dispersing  a  lot  ol  Md  

Tfie  paper  is  refracting  a  lot  of  r«d 


1* 
2. 
3. 

"4. 


■38.    Wliy  do  some  of  the  stripes  in  our 

national  flag  appear  as  red  stripes 
when  light  strlRea  them? 


I. 
2. 
3. 
4. 


They  reflect  all  colors  except  red 
niey  reflect  red  light  only 
They  absorb  red  light  only 
They  abaorb  all  colors  with  wave- 
lengths smaller  t*han  the  wavelength 
of  red  light 


2-39. 


When  you  look  through  a  yellow  glass » 
you  see  yellow  becauae  the  glass  is 


1. 
2. 
3. 
4. 


reflecting  yellow 
dispersing  yellow 
refracting  yellow 
tranamittln|  yellow 

2-40.     Uaually,  yellow  glaes  transmits  which 
of  the  following  other  colors? 

Ij  Red 
2.  Violet 
.  3.  Blue 
4 .  Green 

2-41.     If  yellow,  red»  orange,  and  a  little 
green  enter  yoOr  eye  at  once,  what 
color(s)  will  you  see? 

1.  A  mixture 

2.  Yellow 

3.  Orang^t 
-  4.  Green 

2-42.    Which  of  thiTse  colors  ar4»  mainly 

responalble  f6r  making  base  visible? 

'1-  Red  and  orange 

2.  Red  and  violet 

3.  blua  and  violet 

4.  Yellow  and  red 


ERIC 
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2-48. 


-44, 


-45. 


46. 


47. 


Uarning  Object  I v«  2  Dct«raln«  how 
light  !•  affttc^ttd  mm  It  pmmmmm 

through  varioui  MdlA.  Textbook 
pmgmm  2-13  and  2-14. 


-^3.    What  typ«  of  light  •nabl«B^iiB  to  nmm 
thlnga? 

1.  Rcifractad 

2.  ^Raflactttd 

3.  Absorbed 
4^  {>liip«rrv«d 


•What  ara  tha  thraa  claaaaa  of  obJact« 
according  bo  tha  action  of  light  aa 
it  falls  upon  than? 


1. 
2. 
3. 
4. 


Opaqua,  tranalucant»  and  transparent 
Rafractad»  diffracted,  ami  dieperead 
Diffuead,  iubfuaad»  and  obfuead 
Refracting,  reflecting,  and  trans- 
mitting 


Tubes  that  hold  lenses  and  praams  In 
optical  lystema  to  prevent  entrance  of 
light  are  claaslfied  as 


opaque 

translucent 

transparent 

textured 


If  all  the  light  that  fall*  on  an  object 
la  either  reflected  or  absorbed,  that 
object  is  said  to  be 


1«  trknaparent 

2.  tranaluccint 

3.  opaque 

4.  textured 


When  light  fait 
objact,  how  much 
transtitttad  through 

1.  Moat  of  the  light 

2.  Very  little 

3.  AliDOst  half 

4.  None 


slucent 
•ny.  la 


What  occurs  if  a  pieca  of  rough  texturad 
stained  glaaa  is  placad  hatyeen  a  light 
soiirca  and  the  viewer? 


1* 


2. 


4. 


Very  little  light  pasaaa  through  tha 
glaae,  and  the  light  source  is  barely 
viaible 

^fclch  of  the  light  passes  through  tha 
glass,  and t the  light  source  can  be 
seen  clearly  ^ 

Much  light  paasea  through,  bwt  a 
clear  image  of  the  light  cann6t  be 
seen 

Vary  little  light  pasaaa  through  tha 
glass,  and  tha  light  source  is  not 
viaible 


2-49.     Reflection  and  aSaorption  are  prime 

factors  in  determiliing  the  quality  of 
which  type  of  glass? 

\ 

1.  Window. 

2.  '  Optical  ^ 

3 .  Tampered 

' 4.  Silvered 


In  itema  2-50  through  2-53,  aalect  ftai^ype  of 
object  from  column  6  that  matches  the  d#acrip- 
tion  listed  in  column  A.  ^ 


\ 


A.  Deacrkptlon 

2-50.    An  object  that 
abaorba  or 
reflects  all 
light  which 
falls  upon  Xt 

2-51.    An  object  that 
returns  a 
.light  befim 
back  at  the 
aame  angle 
aa  the  incoming 
beam 

2-52.    An  object  that 

parmita  mogt  light 
rays  to  paaa  through 
It 

2-53.    An  object  that 
cauata  light  to 
be  4iffuaad  or 
acattarad  in  all 
dlractlona 


B.  Type  of  object 

1 .  0|Mique 

2, 

3.  Tranaparant 

4.  Reflecting 


Translucent^ 
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0    In  textbook  figure  2-22,  th«  •pacinf 
b«tVMn  th«  parallel  vav«  fronts  is  an 
indication  of  tha  apaad  of  light  aa  light 
pAaaaa  through  a  tranaparant  Madium  or  fro«^ 
ona  nadlttn  to  anothar.    Whan  light  travala  In 
«  vadiuB  of  conatant  optical  danaity  or  batvaan 
Mdla  of  aqual  optical  danaity,  ita  apaad  la 
conatant  and  ia  indicatad  by  aqual  apacing  of 
wava  frontal  whan  light  paaaaa  from  ona  Mdium 
Into  anothar  of  diffarant  optical  danaity^  Ita 
apaad  changaa  and  tha  changa  ia  indicatad  by 
•Ithar  vldar  or  narrovar  apacingjaf  tha  vava 
fronta— wldar  for  tncraaaa  in  a|JK  «nd 
narrovat  for  dacraaaa  in  apaad.  ^ 

Rafar  to  figura  2B  and  tha  pracadln^ 
information  In  anavarlng  Itara  2-54. 


2-54. 


WATER 


FLtNT  GLASS 


FLINT  GLASS 


CROWN  GLASS 


1,380 


Figura  2B 


What  can  you  infar  about  tha  apaad  of 
light  through  watar.  flint  glaaa,  and 
crown  glaaa? 

1.  Light  travala  faatar  through  watat 
than  through  aithar  flint  glaaa  or 
i^rovn  glaaa 

2.  Light  travali  (aatar  throdfeh  flint 
glaaa  than  through  aithar  Watar  or 
crown  glaaa 

3.  Light  travala  faatar  through  flint 
glaaa  than  through  crown  glaaa 

4.  Light  travala  faattr  through  crown 
glaaa  than  through  watar 


2-57. 


Laarning  Objactiyat    Idantify  tha 
lawa  of  raflaction  and  raffactiqn. 
Taxtbook  >agaa  2-14  through  2-21. 


0     Rafar  to  figura  2-17  of  tha  taxtbook  to 
anawar  itawa  2-55  and  2-56. 

2-55.    If  you  ahift  a  mirror  to  any*^angla  froai 
ita  parpandicular  poaition,  what,  if 
anything,,  happana  to  tha  raflactad  baam? 

It  ia  ahdftad-atr  an  anftv^rCMB  tKi 
Incoming  baaA  thraa  tinaa  aa  graat 
aa  tha  angla  by  which  you  ahiftad 
tha  mirfor 
2.    It  ia  ahiftad  at  an  angla  from  tha 
incoming  baam  half  aa  graat  aa  the 
angla  by  which  you  ahiftad  the 
mirror 

^  ^       3.    It  ia  ahiftad  at  an  angla  from  tha 
incoming  baam  twica  aa  graat  aa  tha 
angla  by  which  you  ahiftad  tha 
•  mirror 

4*    It  ia  not  changad,  but  it  ia 
/"raflactad  back  along  ita  baana 

2-56.    If  you  ahift  a  mirror  30*  from  a 
parpandicular  incoming  baam,  tha 
raflactad  baam  ia  projactad  at  what- 
angla  to  tha  Incoming  baam? 


2-58. 


1. 
2. 
3. 


40* 

50* 
60* 
70* 


A  lina  drawn  parpandicular  to  a  flat 
raflacting  aurfaca  in  tha  aama  plana 
and  at  tha  point  whara  a  baam  of  light 
attikaa  tha  aurfaca  rapraaanta  tha 

1«    incident  ray 

2.  taflactad  ray 

3.  normal  to  tha  aurfaca 

4.  normal  to  tha  path  of  tha^raf lifted 
ray 

Tha  angla  formed  l^y  an  incident  ray  and 
ita  reflected  ray  ia  aqual  to  the 

1.  Angle  9f. incidence  ^ 

2.  angle  of  ref flection 

3.  average  of  the  anglea  of  incidence 
and  reflection 

4^    aum  of  the  anglea  of  incidence  and 
reflection 
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2-59.     If  a  b«Mi  of  light  1«  r«fl«ct«d  fro«  ■ 
flat  mirror  at  an  'angla  of  2)*  to  tha 
normal,  th«  angla  of  tncldanc*  la 

1.  0* 

2.  11  1/2* 

3.  23* 
A.  46* 

2~mC    In  flgura  2-19  of  the  t«xt,  if  angla  a 
!•  30*.  than  angla  b  must  Off 


1,  15*  ' 

2.  22  1/2* 

4.  45* 


2-61, 


2-62, 


SuptH>««  that  •unl^ght  la  b«lng  rafl^ctad 
from  a  flat  Irregular  aurface?  Which  of 
tha  following  condltiona  axlata? 


I. 

2. 

3, 


Light  raya  incidant  to  the  aurface 

are  not  parallel 

Light  raya  reflected  froca  the 

aurface  are  jiot  parallel 

Light  raya  reflected  frow  the 

eurface  converge  at  a  point  on  the 

normal 

Light  raya  incident  to, the  eurface 
converge  at  a  point  on  the  nornOkl 


A  ray  of  light  can  paae  from  atr  i^ 
glaea  %rithout  being  refracted  If 
angle  of  incidence  ia 

1.  0^ 

2:  45* 

3.  between  45*  and  90* 

4.  90** 


2-63,    When  a  wave  front  of  light  anglee  trom 
air  into  a  aheet  of  plate  glaee,  why 
doea  the  path  of  the  wave  front  pivot 
toward  the  normal?  ^ 

1.  The  laet  edge  of  the  wave  fronl^  t'o 
enter  the  glaae  decreeaee  in  epeed 
while  the  firet  edge  increaeee  in 
epeed 

\  The  laet  edge  of  the  wave  front  to 

enter  the  glaea  incteaeee  in  epeed 

3.  The  firet  edge  of  the  wave  front  to 
enter  the  glaee  decreaeee  in  epeed 

4,  The  firet  edge  of  the  wave  front  to 
enter  the  gTaea  iiidreaiiee  in  apeed 

2-64.     In  part  0  H  figure  2-22  in  your  tekt- 
book,  aaeume  that  the  wave  front  entere 
the  glaee  at  a  30*  angle  and  that  tha 
aur faces  of  the  glaee  plate  are  parallel. 
What  ie  the  angle  at  which  the  front 
emerges  from  the  glass?  * 

^   ■      1.  15* 

2.  30*  * 

3,  45* 

4,  60* 

2-65.    What  angle  in  figure  2C  is  dealgnated  aa 
the  angle  of  refraction? 


2. 
3. 
4. 


C 
D 
E 
F 


Ik 


1.311 


Figure  2C 
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2-66.    Wh«t  anglM  In  figur«  2C  ar«  neceiiMrlly 
equal? 

1.  A  and  F 

2.  A  and  R 
*     3.    C  and  K 

4.     C  and  0 


1,382 

Figure  2D 

2-57.  Four  light  raya  are  shown  paaaing  through 
the  triangular  prism  pf  figure  21).  Which 
ray  la  ahovn  correctly? 

1.  A 

2.  B 

.      '3.  C 

A.  D  . 

2-6B.     In  a  priam^  the  angle  of  deviation  is 
f  measured  between  the  emergent  ray  and 
which  ray  or  normal? 

1.  Incident  ray 

2.  Refracted  ray 

3.  Emergent  normal 
A.  Incident  nonaal 

2-69.     The  index  of  refraction  for  a  medium 
4?  the  ratio  between  the  speed  of 
light  in  a  Vacuum  and  the  speed  of 
light  in  a/an 


2-71.    Hie  absolute  Indexes  of  refraction  m^S 
considered  to  be  the  same  for 

1.  air  and  vacuum 

2.  vacuum  asui  water 

3.  water  and  air 

A.     fused  quartz  and  crown  glftsa 

2-72.    What  is  the  approximate  index  of 

refraction  of  a  transparent  ihedium  if 
the  speed  of  light  through  the  medium 
Is  75,000  mll^Bs  per  second? 

1.  1.25 

3.  2.13 
A.  2.50 

2-73.     In  the  formula  for  Snell*a  law.^what 
does  n'  mean? 

1.     Index  of  refraction  of  the  first 
med  lum 

2^     Index  of  refraction  of  the  second 

med  lum 
3.     Angle  of  incidence 
A.    Angle  of  refraction 

2^7A.    When  measuring  the  angle  of  Incidence, 
what  are  your  two  references? 

1.  Incident  ray  and  refracted  ray 

2.  Refracted  ray  and  normal  ^ 

3.  Incident  ray  and  normal 
A.  Kmergent  ray  and  normal 

2-75.     In  figure  2-23  of  the  text,  wh/n  the 

light  ray  la  reversed  through  the  medium, 
what  w^ll  be  the  new  designation  of  the 
original  refracted  ray? 

1.  Emergent  ray 

2.  Refracted  ray 

3.  Incident  ray 
A.  Normal 


1.  tranapatent  medium 

2.  translucent  medltp 

3.  opaque  medium 

A.  diffracted  medium 

2-70.     In  optical  drawlnga' the  index  of 

refraction  la  indicated  by  the  letter 

1.  n 

2.  o 

3.  p 

A.  a  , 
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Assignment  3 


Th»  HatW  of  Li£ht  (Continyd);  Mirrorf  and  Priw 
Textbook  AMignMnt:    Pagev  2-23  through  3-16 


LMrnlng  Objectlvfi:    Solve  problenui 
involving  rttf]raction  of  light. 
Textbook  pagM  2-^23  through  2-27, 


3-1,     In  figure  2-^32  of  the  text,  when  you 

reach  the  critical  angle  and  the  ray  ie 
refracted  along  the  surface,  what  is  the 
angle  of  refraction  to  the  normal? 


In  items  >-4  .through  3-?',  match'  the  substance^ 
in  .column  A  with  the  critical  angle  in  column 
B.  i  The  external  medium  ie  air. 


1.  22  1/2^ 
2-  30* 

A,  90* 

3-2,  At  which  angle  is  a  30**  incident  ray 
refracted  on  entering  a  flat  surface 
of  water  from  air? 

1-  1?* 

2.  22* 

3.  32* 


3-3.    At  approximately  what  angle  of  incidence 
does  a  'be#m  of  light  strike  the  interface 
between  air  and  li^pht  flint  glass  if  the 
angle  of  refraction  produced  Is  equal 
to  16*? 

1.  14* 

2.  16* 
3-  23* 
A;  26* 


A«  Substance 

B« 

Critical  Angle 

3-A, 

Water 

1, 

A8*36* 

3-5, 

Quarts 

2, 

Al*18* 

3-6, 

Diamond 

3, 

AO'22' 

3-7, 

Crown  glass 

A, 

3-8, 

What  makes  the  sun 

horiton? 

...  - 
visible  belov  the 

1.  Light  rays  in  cooler  air 

2.  Less  dense  air  toward  tlie  surface 
of  the  earth 

3.  Thtt-^  refractive  Index  of  the  surface 
of  the  atmosphere 

A.    Thi  bending  of  light  through  the 
atmosphere 

3-9.    What  atmospheric  phenomenon  is  the 
opposite  of  a  mirage? 

1.  Rainbow 

2.  Heat  wave 

3.  Looming 

A.  Reflection  and  dispersion  combined 

3-10.    At  %ihich  of  these  times  is  it  easiest  to 
see  a  rainbow? 

1.  1600 

2.  1300 

3.  liOO 
A.  1100 


 J 
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Loarnlng  Obj«ctlv«:  |l<cogni2« 
bauli!  prlncipUn  «nd  Mthodii  of 
ualftg  metric.  Engllnh,  Navy  mil, 
and  degrea  aVatama  for  optical 
maaauramanta.     Textbook  pagea 
3-1  through  3-3. 


3-11.     Tlie  Optlcrtlmati  uaea  all  EXCEPT  \i\\icU  of 
the  following  aystcma  of  mcaauromenta? 

1.     Troy  ttyatem 
^.    Tfatrlc  ay  at  em 
3.    Mil  ayatam.      '  * 
Degree  nyatem 


3^12.    What  factor  makes  the  Engllah  system 
of  measurement  hard  to  uae^ 

1.  Ijick  of  decimal^ 

2.  Lack  of  simple  relationships  between 
units 

3.  No  metric  equivalent 

4.  No  acceptance  universally 


3-19.    T\\t  diameter  and  focal  length  or  xaiiaea 
are  usually  stated  In 

I 

1.  mllllmetora  -  * 

2.  centlmiTters 

3.  Inches 

4.  tenths  of  Inches 

3-20.    Wliat  la  n  qulcH  AnB  easy  way  to  deter-- 

mine  how  many  mllllmetera  oqual  81.9 

decimeters? 
.  I 

Multiply  by  10  '**^>  \ 

Dlyldft  hy  .10  _  .   _  ...... 

Mova  the  decimal  point  two  dibits 
to  the  right  \ 
4.    Move  the  decimal  point  one  digit 
to  the  left 

3-21.     'Y\\e  baflic  conversion  factor  In  the 
metric  system  consists  of 

1.  fractions 

2.  Integers 

3.  decimals 

4.  roots 


I. 
2. 
3. 


In  Items  3-13  through  3-16^  select  from  column 
B  the  abbreviation  for  the  unit  of  measurement 
In  column  A. 


A.  .  Unit  of  meaaure- 

B. 

Ablyrevia 

iMnt 

tlon 

3-13. 

Temperature 

1. 

cd 

3-14. 

Luminous  Intenalty 

2. 

k 

3-15. 

Time 

3. 

K 

3-1^6. 

Maas 

4. 

3-17. 

What  If  the  baalc  metric 

unit 

of 

maeauraiMnt  for  length? 

1.  Cantinetar 

2,  Mllllmater 

3.  Meter 

4.  Kilometer 

• 

3-18, 

Which  of  tVa  following  la 

the 

moat 

cofianonly  uaad  metric  unit  of  •measurement 
for  aaaa? 

1.  Cubic  cantlmetav 

2.  CantigraiB^ 

3.  Dacagrem 

4.  Kllogtew 


3-22.  ^ How  many  conversion  factors  does  the 
metric  system  have? 

1.  One 

2.  Two 

3.  Three 

4.  Four 

3-23.    Which  one  bf  the  following  lengths  is 
NOT  equal  to  the  other  three? 

1*        6  metei^s 

2.  60  decimeters 

3.  60  milliiheters 

4.  600  cei;itlm^terd 

\  , 

Which  of  the  following  maaaurea  latere 

the  equivalent  of  ten  thousand  milll- 
metera? 


3-24. 


1.  1  dekamei:er 

2.  10  metera 

3.  100  decimeters 

4.  All  of  the  above 

3t25.    An  example  of  a  Greek  prefix  la 

1.  decl 

2.  micro 

3.  kilo 

4.  mini 
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3-26.     An  tiXAmplc  of  ii  l>iitin  pr#fix  in 

1.  dok« 

2.  h«cto 

3.  m«Ka 
A.  c«ntl 

3-27.     How  muny  kllometera  ^tf/lw  50  yards? 

1.  0.00A5  km 

2.  0.043  km 
1.  OA^  km 

4.  A.  5  km 

3-^.   -HbV  many  yurd?  irre  im  50  metirnr? 

1.  45  yd 

2.  54  yd 

3.  61  yd 

4.  64  yd 

3-29.     How  many  mlillraetera  are  in  3/4  inch? 

1.  0.029  nun 

2.  2.95  nw 

3.  19.05  Im 

4.  33.80  mm 

3-30.    How  many  inches  are  in  35  millimeters? 

1.  1.02  in. 

2.  1.38  in. 

3.  1.94 

4.  2.03 


3-31. 


3-32. 


How  many  yards  are  ih  42  1/2  meters? 

1.  38  yd 

2.  42  yd       -  ^ 

3.  46  yd 

4.  48  yd 

A  liter  is  the  volume  of  a  cube  that 
meesures  hew  many  inches  on  eiich  side? 

'\ 

1.  39.37  in. 

2.  3.937  in. 

3.  D.3937  in. 

4.  0.03937  in. 


^33.    How  many  liters  are  in  e  gal-loiv? 

1.  3.784  liters 

2.  1.0S7  liters 

3.  -37.84  liters 

4.  10.57  liters 


3-34.     If  «  quart  of  milk  coete  50  cents,  a 
liter  costs 


3-35. 


3-36. 


3-39, 


1. 

2. 

3. 
4. 


47  cents 
53  cents 
56  cftnts 
60  cents 


One  gram  equals  %ie  welgh^  of "water 
contained  in  1  cubic 


1. 

2, 
3. 
5. 


decimeter 
centimeter 
micrometer 
millimeter 


Meter,  liter,  and  gram  are  jthhreviated 
respectively  aa 

1.  jrai,  \y  and  g 

2 .  m^"^>l..  and  g 

3 .  m ,  ml /Nind 

4.  jn,  1,  and  mi 


3-37.     How  many  minutes  are  in  90/? 


1. 
2. 
3. 
4. 


60 
360 
540 
5400 


3-38.     How  many  mils  make  a  circumference? 


1.  360 

2.  3600 

3.  640 

4.  6400 


If  an  object  5,000  meters  distant 
produces  a  visual  angle  of  1  mil, 
how  long  is  that  object? 

1.  #1  meter 

2.  5  meters 

3.  10  meters 

4.  50  meters 


Learning  Objective:    Point  out 
characteristics  of  iaeges  and  the 
effects  prisms  and  mirrors  have 
on  them.""    Textbook  pages  3-3 
thrpugh  3-15. 


^^0.    What  are  the^txijNj^^  images? 

1.  Real  and  virtual 

2.  Synthetic  and  virtual 

3.  Unreal  and  real 
Unreal  aftd  vi;rtual 


3-41.    An  that  oannot  bm  formed  on  « 

•<!trMn  la  called  a 

1*  Calaa  iaaga 

.-  2.  virtual  iMga 

^  3.  ravartad  Imaga 

4l\  raal  tm«g« 

3-42.    What  typ*  of  lauig«  can  ba  reproduced 
by  f ila?  f 

«- 

1.  fala; 

2.  Virtufil 
3t  Ravartad 

4r"irail  ,  


3-45, 


F 


J 


1,383 


Figure  3A  \ 

3-43.    Which  of  the  iM^aa  In  f  Iguis  3A  l\  a 
nonuil,.  Inverted  Image  of  the  ob1ec\: 
llluatratad?  \ 

3.  C  \ 

4.  D  '  ^ 

3-44.    An  IpMge  fomed  by  a  plane  Mirror  la 
deacrlbed  aa  v 

1.  raal,  virtual*  an<i'er«ct 

2.  Vlrtuali  inverted,  and  reverted 
3^3  reViirted,  er#ct,  atif  virtual 

4.    frect^  revet'ted,  and  real  . 


.3-4.6.. 


According  to  figure  3-6  in  the  text, 
where  ahoujd  you  atg^nd  to  daacrlb^  an 
image  of  an  object  formed  by  m  lena? 

i:    Between  the  optical  element  and  the 
image,  Idoking  at  the  Image 

2.  Between  the  optical  element  and  the 

object f  looking  at  the  object 

3.  Behind  the  optical  element,  looking 
at  the  image 

4.  Behln\J  the  optical  element,  looking 
at  thriy  object 


A.  mlrror-vlWa  ^BK>othi-flat  aurface- 
changea  thu  ^direction  of  l^ght  by 


^      1.  ^  rafractio^ 

2.  refractloA  and  reflection 

3.  reflection 

A.,  refraction  W  reflection 

3-47.    Which  of  the  followjlng  la  NOT  a  function 
of  mirror  a? 

1.  Produce  Imagea^ 

2.  Alter  the  path  W  light 
^  3.    Alter  the  attitude  of  6bjecta 

4.  Tr4namlt  light  from  an  object  to 
the  point  desired 


What  la  the  attitude  i^f  ihm  F  in  the 
apparent  poaltlon  of  the  object  in 
figure  3-8  of  the  text? 

1.  j  Erect  and  reverted 

2,  Erect  and  Inverted 

3.  Normal  and  Inverted 

4,  formal  and  reverted 

HpV  m^ny  degreea  la  en  object  reflected 
if  two  mirrora  ara  pieced  at  right 
an|lea7 


1.  360* 

2j  180** 

3.(  «0* 

.4.  45* 


3-50.    Iitvfigure  3-9  \f 
between  the  ^IfVo 
what  #ttitu(ie  wo 


1*  ^rect  and  no 

2.  '  Nbraal  and  trtv 

3.  Inverted  and 
,  4.    Revert;ed  and[ 
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»  ii(  you  atood 
tha  obJeoiJi 
object  aaaume? 
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^a-ji.    Which  of  th«  following  i»/«rt  an 
advantage  bf  priana  ovar  ailvared 
mirrora? 

•  1*    Priama  ara  not  aaaily  diatiirbed 

2.     Priawa  can  produce  ttor*  numarous 

raflacting  patha 
3*     Priama  ara  not  affacted  by. old  age 
4.     All  of  the  above 

3-32'.    At  laaat  how  many  aiirf«cea  of  «  priam 
ara  NOT  parallal?  ^ 

1.  One 

2.  TVo 


-58.    If  tha  deviation  of  tha  light  paaaing 

through  a.  priam  ia  3  cm  at  1  mater  from 
tha  priam,  the  dioptric  atrangth  of  the 
priam  ia 


1.  0.33 

2.  0.67 
1  3 

4.  6 


3.  Three 

4 .  Four 


3-53.     Priama  are  generally  made  from 

1.  boroailicate  cVown  glass 

5-  plain  crown  glaaa 

3.  aillca^^. crown  glasa 

4.  monoafHbte  crown  glass 

3-54.    What  kind  or  aur faces  do  prisms  have? 

1.  Plane 

2 .  Convex 

3.  .Concave  . 

4.  Plano-convex 

3-55.     Optical  wedges  direct  light  by 

1.  reflection 

^2.  refraction 

3.  reflection  and  refraction 

4.  either  reflection  or  refraction 

c 

>-56.  Which  priam  ia  uaed  when  the  angle  of 
deviation  ia  a  matter  of  fractiona  of 
aeconda? 

1.  Porto 

2.  pinta  . 

3.  Rhomboid 

4v    Optical  wedge 

3^57.    The  dioptric  strength  of  a  prism  is  the 
diatunce  1  meter  away  from  the  prism 
between  the 

"r 

1.     reflected  and  refracted  raya 
^  2.  '  ref lectW  and  Incident  raya 

3.  incident  and  raftacted  raya 

4.  incident  and  deviated  raya 


3-59»    Moat  of  the  priama  in^ optical,  ayat^^ 
are  of  what  type? 

W 

1.  Reflecting 
 ,.^2,.  __4lef^raeting  ^  -'  

3.  Deviating 

4.  CompenaatH^ 

3-60.    A  fbur-diopter' prism  at  a  distance  of, 
1/2  meter  will  deviate  the  path  of 
light 


3-61. 


1. 
2. 
3. 
4. 


0.5  cm 
2  cm 
8  cm 
4  cm 


/ 


If  a  right-angle  prism  is  rigldjy 
mounted  and  only  raya  of  light  parallel 
to  the  normal  On  a  aide  opposite  the 
hypotenuae  are  permitted  to  enter »  €he 
rays  are  reflected  at  a  true  angle  of 

1.  .  45* 

2.  90** 

3.  135** 

4.  €80** 


3-62.     If  a  slivered  right-angled  priam  ia 

used  to  elevate  the  line  of  sight  84"*/ 
how  much  should  the  prism  be  tilted? 

'    1.      21**  . 
2-  42** 

3.  .  84* 

4.  168* 

3-63.    Some  right-angled  priama  have  their 
reflectinflkirfacea  ailVered  to 


able  all  light  that  strlkea 
Lectlng  aurface 
^late  and  light  intenaltie* 
t  the  amount  of  light  entering 
the  prfam 

reduce  abaorptlon  and  increase 
.refraction 


4. 


^25 


3-64. 


3-65. 


3-66. 


3-67. 


Vhlch  prim  It  a  right-angl*  prlra  u««d  3-70. 
to  b«nd  a  hmmm  of  light  through  180*? 


1.  Dpv# 

2t.  Porro 

3.  P«nta 

4.  Rhofihold 


Which  prian*  <j|o  NOT  hava  ailvarad 
raflacting  •wrfdcen't 


li  Rhoaboid 

2.  Borro 

3.  Pant a 

4.  Dova 


An  objact  viavad  througK  a  porro  priam  3-71. 
jcluatar  hali  an  attltuda  that  la 

1.  invartad  and  ravartad  ^ 

2.  invartad  and  aract 

3.  ravartad  and  aract 

4^.  irormrlrimr  ♦t^ct  / 


I 


What  ia  tha  attituda  of  an  objact  viavad 
through  a  dova  priam? 

1.  Invartad 

2.  Ravartad 

3.  Elthar  invartad  or^avartad 

4.  Invartad »  ravartad »  and  nomal 

Whan  a  dova  priam  ia  rotatad  90*  in 
aithar  diraction,  tha  aama  objact  will 
appaar 

1.  invartad  and  ravartad 

2.  #tact  and  ravartad 

3.  normal  and  aract 

4.  ravartad  Khd  normal 


3-68.    Which  priam  ia  like  .a  parallelogram? 

% 

1  •    Dov  a 

2.  Porro 

3.  Rhomboid 
4h  Panta 

3-69,    Which  Driam  offaata  a  baam  of  light 
vfthoul  changing  tha  attituda  of  th- 
objacf  or  tha  diracUomof  tha  baam? 

1.  Rhomboid 

2.  Dova 

3.  Panta 

4 .  PowFo  ; 


3-72. 


^ Which  typa  of  priam  can  ba  uMd  to  band 
a  baam  of  ligh^  through  90*  without 
changing  tha  attituda  Of  tha  objact? 

1.  Right-angla 

2.  Panta  

3.  Dova 

4.  Porro 

If  tha  angia  batvaan  tha  raflacting 
aurfacaa  of  a  panta  priam  la  30', 
tha  davl^ation  will  ba 


1.  30^ 

2.  37il/2* 
3. 
4. 


45' 

60* 


3-73, 


Whan  a  panta  ptiam  is  hald  ao  that 
raflaction  takaa  placa  in  tha  horiaontal 
or  vartical  plana,  all  objacta  viavad 
will  aaauma  what  attituda? 

1«  Normal  and  aract 

2.  Normal  and  ravartad 

3.  Invartad  and  aract 

4.  Invartad  and  ravartad 

In  figura  3-19A  of  tha  text,  light 
reflactad  from  the  roof  adga  in  thia 
tnanner  %rlll  cauaa  objacta  to  appaar 

1.  normal  and  aract 

2.  inv^&rtad  and  aract 

3.  Invartad  and  ravartad 

4.  rtvartad  and  normal 


3-75.    What  angle  doea  an  Amlcl  priam  reflect? 


3-74. 


1.^ 
2. 
3. 
4. 


45* 
.60* 

90* 
135* 


I      Assignment  4 


l««nift«8 


Toxtbook  Aniiilgnment  :     PjigM  A-l  through  ^-19 


Learning  Oh)cotlv«: 
proper  Mo  8  of  glafis 

and  4-2.  < 


Point  out  the 
Textbook  pngoii 


^♦-l.     Wl^at  optical  Qlomont^  are  the  mo»t 

Important  and  tho  moat  wldwly  u«cd  to 
control  light? 

L.  Prisms 

.  Mirrors 

3.  Lenses 

A.  Telescopes 

'♦-2.     What  is  the  only  common  characteristic 
of  all  glass? 

1.  It  has  a  definite  shape 

2.  It  has  a  crystalline  form 

3.  It  is  transparent 
^    4.     It  is  amorphous 


The  physical  properties  of  glass  are 
explainable  only  if  we  assume  that  they 
all  have  the  same  molecular  arrangement 
as  s 


1. 

2. 
3. 
4. 


liquid 

sol  id 
crystal 


A-4.    Whdt  la  devitrification? 


2. 
3. 
4  . 


A  transition  from  a  liquid  to  en 

amorphous  state  ^ 

A  change  to  crystalline  structure 

A  double  refraction 

A  single  refraction 


^-5.     In  a  liquid  «tat«,  glass  is  n  mixtiire 

brchj^icsls  in  solution,  the  most  0* 
^commdn  of  which  are 

1.  silicates  and  borates 

2.  sulfates  and  nitrates 

3.  nitrates  and  borates 

4.  silicates  and  nitrates 

4-6.     Although  glass  is  a  liquid,  it  is  ai,so 
a/an  > 

1.  crystal 

2.  solid 

3.  gas 

4.  ether 

4-7.    The  electric  field  of  the  atoms  of  one 
molecule  causes  a  similar  variation  in 
the  electric  field  of  the  atoms  of 
another  molecule  to  generate  attraction 
between  tbem.     This  condition  i«  caused 
by 

1.  molecular  attraction 

2.  polarlc  generity 

3. *  ^Van  der  Walls  forces 

4.  serendipity 

4-8.    The  bend  that  developed  in  the  glass 

tube  placed  against  the  bulkhead  tt  part 
of  an  experiment  to  show  that  glass  is 

1 .  of  definite  shape 

2.  a  solid 

3.  neither  a  liquid  nor  a  solid 

4.  amorphous 


Learning  Objective:    Identify  the 
optical  qualities  of  glass.  Tsxt- 
book  pages  4-2  through  4-4. 


2,  ^ 


What  Is  th«  «o«t  Inportant  quality  of 
optical  gla««T 

1.  Refraction 

2.  Praadow  fron  color 

3.  tranaparancy 
A.  .  Homoganaity 

A-10.    Valna  or  atriaa  ara  dafecta  in  tha 
charactarlatlc  of  glaaa.callad 

1.  hattfrdganaity  ^ 

2.  homoganaity 

3.  rafractioi^ 

 ■_  4_.  t_riLnspar.anc.y  

VU.    Vaina  or  atriaa  ara  littla  atraaWa  in 

glaaa  which  inter fare  with  what  quality? 

L.  Refraction 

2.  Tranaparancy 

3.  Dieperaion 
A.  Tranalucency 

4-12.    How  many  bubbles  ara  allowed  ii^  the  beat 
lanacTa? 

1 .  One  or  two 

2.  Two  or  three 

3.  Three  or  four 

4.  Four  or  five 

4-13.    What  limit  la  placed  on  the  aire  of  a 

bubble  for  glaaa  to  be  uaed  in  precialon 
lenaea? 

1.1  mm 

2.  1/2  nta 

3.  1  cm 

4.  1/2  cm 

4-14.  The  degree  of  abaorption  of  light  in  a 
given  piece  of  glaaa  can  be  changed  by 
varying  the 

1.  number  of  bubble^  in  the  glaat 

2.  aire  of  the  bubblea  in  the  glaaa 

3.  color  of  the  light 

4.  colof  of  the  glaaa 

4-15.    The  bending  of  a  J.ight  ray  when  it  enters 
a  lane  or  priam  definea 

1.  dieperaion 

2.  diffraction 

3.  refraction 

4.  abstraction 


4-16.    The  aeparation  of  light  into  ica 

component  colore  aa  it  paaaea  through 
a  prlam  or  lane  la  the  definition  of 

1 .  abstraction 

2.  refraction 

3.  diffraction  - 

4 .  dieperaion 

4-17.    Condeneed  moiature  on  glaaa  absorbs 
carbon  dioxide  and  forms 

1.  carbon  monoxide 

2.  aulfurlc  acid 

3^r  hydroeWoHti  -acid  - 

4.  carbonic  acid 

4-18.    Strain  in  glass  is  caused  by 

1.  improper  cleaning 

2.  inordinate  wear 

3.  improper  annealing 

4.  inordinate  polishing 


4-19. 


4-21, 


Which  of  theae  types  of  raw  materials 
appears  in  optical  glass? 


1. 

2. 
3. 
4. 


Stable 
Volatile 
Combustible 
Corrosive 


4-20.    Crown  glass  contains  no 


1. 
2, 
3. 
4. 


barium 
lead 

phoaphprus 

boron 


The  more  lead  used  in  optical  glass  the 
higher  the  index  of 

1.  diffraction 

2 .  refraction 

3.  dieperaion 

4.  homogeneity 


4-22.    Flint  glaaa  has  a  higher  index  of 

refraction  than  does  crown  glasa  becauae 
flint  glaaa  containa 

1 .  phosphorus 

2.  barium 

3.  lead 

. 4 .  boron  ^ 

4-23.    The  three  physical  categories^of  lenaea 
are 


1.  thin»  thick »  and  complex 

2.  aimple^  complex »  and  compound 

3.  thin^  aimple»  and  compound 

4.  thin»  yM-ckt  and  compound 
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4-24, 


4^25, 


Which  of  th«tt«  L«in«tt«  In/lire  n  convsrgttnt 

(l>oMltlv«)  l«n«(eci)? 

1.  Piano -convttx 

2.  Pl«uo-concAvo 

3.  Doabl«  concav« 

4.  Ail  of  th«  above 

Which  of  thtttttt  I«n9««  is  alOAya  a 

iHvargant  (negapivt!)  Lans? 

1.  >PlaiK>-concAv« 

2.  PLaao-convox 

3.  Convaxo-concavc 

4.  Boubre  convax  ~         »  " 


Learning  Objective:     Indicate  iana 
terminology  by  defining  tentts  used 
in  the  study  of  lenses.  Textbook 
pages  4-5  through  4-7. 


4-26, 


Curvature  means  the  amount  of  departure 
from  rt 


1.  convex  surface 

2.  concave  surface 

3.  fiat  surface 

4.  doubie  concave  s^irface 


4-27, 


A  line  segment  extending  from  the  center 
of  a  sphere  to  the  curved  surface  is 
cailed  the 

1.  diameter  of  curvature 
^2.     sphere  ^f  influence 

,  3.'    arc  of  determination  * 
4.    radius  of  curvature 

4-28.    The  primary  factor       determining  the 
refracting  ability  of  a  lens  is  the 

•1.  radius  of  curvature 

2.  sphere  of  influence  ' 

3.  arc  of  determination 

4.  diameter  of  curvature 

4*29.    The  distance  from  the  principal  focus  to 
the  optical  Center,  is  the  dcTlfinition  of 
the 

t.     radiuf  of  curvature 
.2.     focal  length 
3.     focal  curvature  ^ 
4..    optical  asiie 


4-30.    What  ie  the  imaginary  etraight^ins 
passing  through  the  csntsrs  of 

curvaturiT  of  bf^j^h  surfaces  of  a  lens? 

1.  Pocal  Lisngth 

2.  Radius  of  curvature 

3.  Optical  center 

4.  Optical  axis 

4-31.     Imaginary  planee  at  the  point  whore  the 
incident  ray,  if  prolonged,  would  inter- 
sect the  prolonged  emergence  ray  are 
called  the 

1 . "    TocaI~pIii~ne8~  ' 

2.  radins  planes 

3.  optical  axis  . 

4.  principal  plilnes 

4-32.    At  what  point  in  a  lens  do  light  rays 
pses  without  deviation? 

1.  Optical  center  ^ 

2.  Principal  focal  point 

3.  Radiue  of  curvatur'e 
4  .  Principal  plane 

4-33.    Where  do  parallel  incident  rays  • 
converge  after  they  pass  through  a 
convergent  lens? 

1.  Optical  axi(a 
2*    Optical  center 

3.  Principal  focal  point 

4.  Principal  plane  v 

4-34.'    How  many  points  of  principai  focue 

ie/are  on  one  side  of  a  convergent  lene? 

.1.  One 

2.  TWO 

3.  Three 

A.  Four' 

4-33.    In  figure  4-6  of  the  text,  the  pointe  of 
principal  focus  are 

1.  2r  and  Fi 

2.  IF  and  2F 

3.  Fj  and  F2 

4.  Fi  and  IF 

4-36.    In  figure  4-6  of  the  text,  HI  and  H*I' 
are  callad  the 

1.  principal  focjfil  plan*!  , 

2.  principal  focal  point* 

3.  optical  fxaa 

4.  optical  center* 
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^♦-^2.    vnilch  rny  1h  NOT  rofrrtctmn 


Lortrning  ObJ«ctlv«:     Idiintlfy  th* 
character  lit lc«  of  positive  und 
negative  ienne*;  axmI  rocognli« 
th«  tfiotnontu  of  (mage  formation. 
Textbook  pagita  A-7  through  A -13. 
 ^L.  


A-37.     Slnc«  a  nwgrtt  tvd  iana  will  not  produce  a- 
r«al  Imagt,  what  muat  you  do  to  eHtabUah 
tho  Imaginary  focal  length? 

_  ^'     Extend  tho  omisrgcnt  ra^a  back  tjirough, 

^  the  "linn 

2.  Kxtond  the  Incident  raya  back  through 
tho  lens 

3.  fixtond  both  the  «morgont  and  Incident 
rays  b^ck  'through  tho  lona 

Bend  th<j  omergont  and  Incident  raya 
back  toward  normal 

What  la  the  aouVco  of  light  ray  emanation 
from  an  object? 

1.  From  only  the  divergent  points 

2.  From  only  the  convergent  points 

3.  From  all  point  a  on  the  object 

A.     From  all  points  within  the  object 

A-39.     Fig;ure  ^♦-10  of  the  text  shows  the  real 
Image  to  be 

1.  Inverted  and  reverted 

2.  reverted  and  augmented 

3.  Inverted  and  augment^ 
A.     revert 0(i  and  diminished 

A-AO.    Wliy  does  a  light  ray  that  passes  along 

the  optical  axis  through  a  lens  NOT  bend? 

1.  It  stijlkes  the  surfaces  of  thi^  lens 
perpendicular  to  the  normal 

2.  U  strikes  the  surfaces  of  the  lens 
parallel  to  the  normal 

3.  It  passes  through  the  lens  at  the 
normal 

A.     It  passes  through  the  opt  leal  Center 
and'  deviates 

A-Al,     In  figure  4-10  of  the  text,  what  optical 
function  Is  at  work  to  produce  the  Imafee? 

1.  Diffraction 

2.  Refraction 

3.  Homogeneity 

A .  Heterogeneity  •  ♦  ' 

0    In  answering  Items  A-A2  through  4-45, 
refer  to  figure  A-ll,  in  the  text. 


A-4  3, 


A-44 


A-4  5. 


A-46. 


4-47'. 


1.  D 

2.  C 

3.  B 

4.  A 

Which  ray  runs  parallel  tp  tho  optical 
axis  until  It  atrlkea  tho  Una? 

1.  A  ' 

2.  B 

3.  C 

.  n  -.       ...   _  r.  .  . 

Which  raV  emerges  parallel  to  the 
optical  axl^? 

L.  A 

2.  B 

3.  C 

4.  D 

fhich  ray  passes  through  a  point  two 
ocal  Icngtlis  In  front  of  g^o  Ions?' 

1.  A 

2.  B 

3.  C 

4.  D 

Wlien  an  object  la  at  iaflnity,  incident 
rays  of  light  from  it  are  parallel  and 
the  image  is  of  what  type? 

1*     Real,  inverted,  reverted,  and 
diminished 

2.  Real;  erect,  reverted,  ^nd 
diminished  / 

3.  Real,  Inverted,  reverted,  and 
enlarged  ^ 

4.  Real,  erect,  revertedl>  and  enlarged 

» '* 

If  an  object  is  at  a  dl«fe/ince  beyond  • 
two  foCal  lengths  but  less  than 
infinity,  what  type  of  image  is  formed 
between  the  secondary  focal  point  and 
2F  on  the  opposite  side  of  the  l^nHl 

1.  Real,  erect,  reverted,  fnd 
diminished  ^ 

2.  Real,  inverted,  reverted,,  and 
enlarged 

3.  Real,  inverted,  reverted,  and 
diminished 

4*    Real,  erect,  reverted,  and  enlarged 
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4-48, 


4-49. 


4-50. 


In  rigurtt  4-13  of  t 

object  piAc«<!  two  foe 

of .  th«  lsn».    Thir  image 

of  thin  object  in  rani , 
reverted,  end 


Kt »  you  Moe  An 

gthe  in  front 
tftei  lenn  form* 
InveKted , 


1.  twice  the  elzo 

2.  heif  the  eizo 

3.  equal  in  iilxe 

4.  Juet  leee  then  equAl  in  eize 


Ae  you  eee  in  figure  4-14  of  the  text, 
an  object  at  a  dietanCe  between  o\\m  eiui  ^ 
two  focal  lengthH  from  ti  iene  producee 
an  object  tTiat  iii' real ,~  invert oJ , 
reverted,  and 

1.  emailer  than  the  object 

2.  the  name  size  ae  the  object 

3.  half  the  ulife  of  the  object 

4.  J^arger  thnn  the  object  ^ 

.When  an  object  ia  closer  to  a  iena  than 
the  principal  focui^,  the  raya  appear 
to  converge  behind  the  object  to 
produce  an  Imago  that  is 

1.  erect,  normal^  ortlarged,  and  virtual 

2.  real,  inverted,  reverted,  and 
virtual 

3.  real,  norpal  ,  inverted »  ^nd  reverted 

4.  erect,  nortnajL ,  virtual,  and  inverted 


4-31.    The  lene  becomes  a  magnifying  glass  wtien 
the  object   is  between  the 

1.  auxiliary  focal  point  and  the  lens 

2.  principal  focal  point  and  the  lens 

3.  auxiliary  focal  point  and  the  image 

4.  principal*  focal  point  and  the  im^ge 

4-52.    When  a  negative  iena  la  in  contact  with 
an  object,  how  do  you  see  the  image? 

I 

1.  Erect,  normaXi  virtual and'  slightly 
larger  than  the  object 

2.  Real,  inverted,  reverted,  and  equal 
in  size  to  the  object 

3.  Rael,  inverted^  reverted,  and 
sroaller  In  size  than  the  object 

4.  Erect »  normal,  virtual*  and  slightly 
smaller  than  the  obj«ipt 


Learning  Objective:    Recognize  the 
purpose  and  use  of  cylindrical 
lenses  and  spherical  mirrors. 
Textbook  pagea  4-JL4  through  4*17. 

 , — 


4-53. 


4-54, 


4-55, 


4-56, 


4-57, 


4-58. 


4-59. 


Figure  4-18A  of  the  text  showe  what  type 
of  lens? 

1.  Positive  cylindrical 

2.  Negative  cyliinlr j.cal 

3.  Positive  spherical 

4.  Negative  spherical 

How  roAny  types  of  cylindrical  lenses  are 
there? 


1.  One 

2.  IVo 

3.  -Ubrie 

4.  I^bur  " 


A  positive  cylindrical  lens  converts  a 
point  source  of  light  into  a 

1.  wljde  band  of  light 

2.  narrow  band  of  light 

3.  narrow  line  of  light 

4.  wide  line  of  light 

A  negative  cylindrical  lens  converts 
a  point  of  light  into  a^ 

1.  narrow  band  of  Xessi^r  intensity 

2.  broad  band  of  greater  intensity 

3.  narrow  band  of  lesser  intensity 

4.  broad  band  of  lesser  intensity 


Wl)ich  of  the  following  types  of 
lens(e8)  is/are  often  used  in  e/egli 

to  corcect  vision  defects? 


1.  Positive  and  negative  cylindrical 

2.  Positive  and  negative  parabolic 

3.  Only  negative  cylindrical 

4.  Only  positive  cylindrical 

What  type  of  rearvicw  mirror  is  used  on 
automobiles  and  trucks  to  give  the 
drivers  a  wide  field  of  vision? 

1.  Concave 

2 .  Convex 

3.  Plano-convex 

4 .  Double  convex 

What  is  line  CV  in  figure  4-19  of  the 
text? 

1.  Arc  of  a  circle 

2.  Diameter  of  a  circle 

3.  Circumference  of  a  circle 

4.  Radius  of  a  circle 
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Concttv*  mirrors  will  fonn  r^i  iimigcii 
by  trMting  th«  U«ht  from  th«  i|»g«)  in 
whAt  way? 

1.  Kefractliig  Ir 

2.  Diffracting  h 

3.  R«fl«cting  it 
A.     Rod! rooting  ft 

Wh«n  {tn  object  U  located  boyond  th« 
cantor  of  curvature  of  a  concave  mirror 
the  imago  attitude*  wfii  be  what  typo? 

i.     Reai,  Inverted,  nTormal,  axxd  oniaigod 

 w n n  I  imu  I  1..  z:  v~:  e  z  .  —  ■  •  


roaming  Objectives  Solve  probieiw 
related  to  len«i  formulae.  Textbook 
page  4-19. 


4-65. 


4-64. 


  ormal  ,  amT  d  iminiehed 

erted,  rovorted ,  and 


-  -2v  I^Birlr; 

3.  Real, 
dimin 

4.  RealT  inverted,  normal,  and 
d  iminiahed 


4-66. 


With  the  object  located  between  the 
focal  point  and  the  concave  mirror 
surface,  the  image  will  be  what  type? 

1.  Virtual,  erect,  reverted,  and 
eniargoci 

2.  Real,  inverted,  normal,  and 
diminJNihed 

3.  Virtual,  erect,  normal,  and 
diminished 

4.  Real,  inverted,  reverted,  and 
enlarged  ^ 

4-63.    What  type  of  mirror  ia  uaed  as  reflectors 
on  moat  external  automobile  lighta? 

1.  Convex  8pherit:al 

2.  Concave  spherical 

3.  Convex  cylindrical 

4.  Concave  cylindrical 


4-67, 


4-68, 


All  rays  which  iitrike  a.  parabolic  niirror 
reflect  from  the  mirror  nearly  parallel 
with  each  other  and  form  a  beam  of  light 
which  divergea 


1.  alight ly 

2.  moderately 

3.  conalderably 

4.  profusely 


Which  of  tho  following  !■  NOT  h  fnctor 
111  tho  focal  length  fbrmiilo? 

1.  F 

2.  Do 

3.  Di 

If  you  havo  a  Jens  with  a  focnl  len«th 
of  2  Inches  and  tho  object  la  «t 
infinity,  what  la  the  distanco  of  the 
Image?  . 

1.  Infinity 

■2.  2  In. 

3,  1/2  m. 

A.  In.  * 

Use  the  Ions  formula  to  determine  when 
F  -  3  inches  and  Dq  -  5  Inches. 


1. 
2. 
3. 

A. 


2.5  In. 
5.0  In. 
7.5  In. 
10.0  In. 


Given  Do  of  2  Inches  and  a  focal  length 
of  -3  Inches,  find  Pi. 

i..     -6      In.  •  ~\ 

2.  +6  In. 

3.  +1.2  In. 
-1.2  In. 
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Assignmemf  5 


Lfnaaa  (cont  Initdd) ;  Baiilc  OptlcAl  Systems 
Textbook  A««lgmn«nt:     Png<»8  A-* 1 9  .through  5-6 


5-5. 


L«firntng  ObJ«ctlv«i     Solvo  problems 
by  workl^ig  with  tha  magnification 
formula.     Textbook  page*  A~19  through 
4-22. 


5-1.     Vrt^en  used  as  a  magnifying  i«n8,  a  po»ltlvo 
I  en  a 

1.  makoa  tho  light  rays  subtend  a  largor 
angle  at  an  observer 'a  oye  than  Is 
pQSslblo  with  the  unaided  oye 

2.  makes  the  light  rays  subtend  a  smaller 
angle  at  an  observer's  eye  than  is 
possible  with  tho  unaided  eye 

3.  uses  the  principle  of  optical  Illusion 

4.  tend 9  to  bring  objects  closer  to  the 
unaided  eye 

5-2.     If  the  Image  distance  IsA  Inches  and  the 
'  *     object  distance  Is  2  Inches,  what  is  the 
magnlf Icat Ion? 

1.  1 

2.  2 

3.  8^^ 

4 .  4 

5-3.     You  have  an  object  2  Inches  high,  3  Inches 
from  a  lens  of  2-lnch. focal  length.  What 
is  the  magnification? 

i-  i 

2.  2 

3.  3 

4.  4 

5-4.    What  is  the  magnification  If  the  image  is 
the  same  size  as  th^  object? 


5-6. 


5-7, 


1. 
2. 
3. 
4. 


1 

0 
-1 
1/2 


A  camera  lens  hAs  a  focal  length  of 
5  inches.    Tiie  object  beidg  pHotographed^ 
Is  a  ship  100  yards  ipng  and  3,000  yards 
from  tho  scope.     What  Is  the.I'ength  of 
the  Image  on  the  film? 

1.  0.21599  in. 

2.  0.00005  in. 

3.  0.18  In. 

4.  1.4  In,  y' 

What  Is  considered  to  be  the  distance  of 
distinct  vision*! 

1,  6  in.. 

2,  8  in. 

3.  9  in. 

4.  10  in. 

What  Is  the  magnifying  power  of  a 
positive  lens  wltK  a  10-lnch  fL? 


1. 
2. 
3. 
4. 


0,01 

0.1 

1,0 

10 


5-8.     What  is  the  metric  equivalent  of  10 
Inches?   


1. 
2. 
3. 
4. 


25.4  dm 
0.0254  m 
2.54  cm 
0.254  m 


Learning  Objective:    Identify  the 
principles  of  the  lens  diopter  and 
calculate  dioptric  strength  and 
relative  aperture.    Textbook  pages 
4-22  through  4-24. 


5-9.    What  kind  of  power  ia  neaaured  by  a ''iena 
diopter?  « 

SI.  Refractive 

2.  Diffractive 

3.  Attractive 

4.  Diatractiva 
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5-10. 


5-11, 


5-12. 


5-13. 


5-14, 


5-15, 


5-16, 


A  Icnfc  with  H  focdl  Ungth  of  I  inct«r 
hnii  «  refmctivn  pow«r  of 

1.     1  dloptttr 
2  <l4opt#rii 

3.  3  dtoptora 

4 .  4  dloptctrif 

A  convi»rgcint  Irfn*  with  n  focnl  length  of 
40  Centimet«r»  has  «  j^ow«r  of 

1.  --2  diopters 

2.  -2.5  dioptttr« 

3.  2.0  diopters 

4 .  ?.^.5_.iHopter  H 


5-17, 


5-18. 


A  divergent  lens  with  a  focal  length  of 
20  centlm^iters  has  a  power  of 

I.     -2.5  diopters 
-2.0  diopters 

3.  -5.0  diopters' 

4 .  5.0  diopters 

What  If?  the  dioptric  strength  of  a  lens 
with  a  focal  length  of  5  inches? 


2. 
3. 

4, 


16 
2 
8 
4 


•5-19, 


What  is  the  name  for  fhe  largest  diameter 
In  an  optical  system  through  which  light 
can  enter  a  lens  to  form  an  Image? 

1.  Clarity  ^ 

2.  Intensity 

3.  Aperture 

4.  Focal  length 

A  lens  with  a  diameter  of  50  nan  and  a 
focal  length  of  100  mm  will  have  a 
relative  aperture  of 


I. 
2. 
3. 
4. 


0.5 
1.5 
2.0 
0.2 


A  lens  having  a  diameter  of  50  mm  and  a 
focal  length  of  100  mm  will  transmit  how 
much  light  compared  to  a  lens  with  a  . 
diameter  of  100  mm  and  a  focal  length  of 
200  nm? 

1.  One-fourth  as  much 

2.  On«*half  as  much 

3.  The  same  amount 
A.    Twice  ^s  much 


A  lens  with  a  50  nn  diameter  and  a  100 
mm  focal  length  will  transmit  how  much'' 
light  compared  to  a  lena  of  the  same 
focal ^length  nnd  ^  100  xm  diamtter? 

1.  One-fourth  as  much 

2.  One-half  as  much 

3.  The  same  amount 

4.  iVice  as  much 

How  much  brighter  an  image  will  a 
camera  with  an  f  :1.9  lens  form  when 
compared  to  an  f;3.6  lens? 

1.  .tT89X   

2.  3,6X 

3.  0.52X 

4.  0.28X 


Learning  Objective:     Identify  the 
problems  associated  with  lon» 
aberrations  and  the  methods  us«d 
to  correct  them.    Textbook  pages 
4-25  through  4-28.  • 


Any  defect  In  an  image  produced  by  an 
optical  system  or  individual  element  is 
called  a  lens 


1.  asymmetry 

2.  aberration 

3.  error 

4.  fault 


i 


5-20.     In  chromatic  aberration*  which  raya 
focus  nearest  to  the  lena? 

1.  Violet 

2.  Red 

3.  Orange^ 

4.  Indigo-* 

5-21.    Crown  glass  is  more  strongly  convergent 
for  blue^^rays  thAn  for  • 

1-  violet  rays 

2 .  red  rays 

3.  indigo  rays 
A.  green  rays 

5-22.  The  amount  oV  s^h^rical  aberration  in 
either  a  cottverg^ntJor  divergent  lens 
i«  influenced  by  th*  thicknesa  of  the 
lens  and  its 

1.  refraction 

2.  transparency 

3.  homogeneity 
A.  focal  length. 
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-23.     Howi  if  Ht  nil,  lioiift  btmHng  a  Iohh 
Aff«ct  fot«l  l«ngth? 

1.  U  roiJucttii  focrtl  L*ngth 

2.  Tt  tiKri)a9«ii  focrtl  length 

3.  Ft  doubles  focal  Lungth 

A.     It  clocn  not  chrtngo  th«  focal  length 

-2A,    to  roduce  •ph«ricAi  aberration  in  n 

taioHCope,  object  iv«8  iirc  nHAombled  with 
the  crown  side  facing 

1.  forward 

2.  roarwHrd 

._.  3, — downward    

4.  upward 

-2').     Spherical  aberration  in  fire  controi 

instrument «   iB  usually  cltmlnatod  by  the 
Utto  of  a 

.  I.  b\»nt  lenu 

2.  field  stop 

3.  Compound  l«ns 
A.  thicker  lon« 

-26.     What  cau«ea  coma? 

1.  Refracted  light  rays  through  the 
center  of  a  lens  do  not  Intersect 
rays  refracted  through  othe<^  portions 
of  the  lens  at;  a  single  iwint  on  the 
optical  axis  * 

2.  Unequal  refracting  power  of 'concentric 
ring  surfaces  of  a  iena  for  raya  of 
light  which  come  from  a  point  to  a 
distance  off  the  optical  axis 

3.  Rays  from  various  surfaces  come  to  a 
focus  at  the  same  point 

^» ,     Blurring  of  the  image 

"27.  A  lens  corrected  for  chromatic  and 
spherical  aberration,  plus  coma  is 
called  a/an 

1,  achromatic  doublet 

2.  chromatic  doublet 
3/    aplanatic  lens 

A.     pi anal ic  lens 


Learning  Objective:  Identify 
astigmatism,  curvature  of  field, 
and  distortion;  an4  Ahow  how 
these  aberraclons  are  controlled. 
Textbook  pages  4^-28  through  4-31. 


3-28.     If  equnlly  sharp  images  of  lines  cannot 
be  obtained  when  the  lines  run  at  angles 

to  each  other,  the  problem  is  (Called 

1 .  ast Igmat  tarn 

2.  achromatic  aberration 
.  i,    chromatic  aberration 

A.     spherical  aberration 

5-29,     How  is  the  image  formed  by  a  lens  which 
shown  aatlgmntlsm? 

1.  It  converts  a  Cone  of  light  to  an 
elongated  oval  in  one  plane,  then 

,    -  __  compr«««e«—Lt—ta-a--clrauiAr-  bundle,. 

and  *then  It*  becomeji  oval  again  in 
the  opposite  plane 

2.  It  converts  a  cOne  of  light  into  an 
elongated  oval  in  both  planes 

3.  It  converts  a  cone,  of  llgl\t  to  a 
circular  bundle  in  both  planes 

A.     It  converts  a  cone  ot  light  to  a 
circular  bundle  in  one  plane,  then 
compreaaes  It  to  an  oval,  and  tl\en 
It  becomes  circular  again  in  the 
opposite  plane 

5-30.    What  is  the  best  way  to  re^luco  astigma- 
tism in  a  lens? 

i.  Use  a  single  bent  lens 

it.  Use  a  compound  bent  lens 

3.  Use  an  achromatic  lens 

A.  Use  several  lenses 

5-31.    If  the  point  images  of  point  objects  can 
lie  on  a  curved  surface  instead  of  a  • 
plane,  the  aberration  is  called 

1.  spherical 

2.  coroA 

3.  astigmatism 

A.     curvature  ot  field 

5-32.    Curvature  of  field  is  commonly  corrected 
by  using 

1.  field  distorters 

2.  field  flatteners 

3.  imagd  distorters 
A.     image  flatteners 

-33.     Imperfect  centration  or  irregularity  of 
optical  surfaces  causes 

1 .  coma 

2.  distortion 
i3.  astigmatism 

/A.    curvsiture  of  field 
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5-34, 


5-35. 


5-36. 


5-37, 


If  magnification  la  iaaa  for  objactr  of f 
tha  axla»  whut  kind  of  dlatortlon  do  you 
hava? 

1.  Barral 

2.  Pin  cuahlon 

3.  Corralatad  \  ^ 

4.  Dlsjunctiva 

What  kind  of  iina  doaa  a  nuinufacturv 
uaa  to  lat  dlatoiftlona  cancai  aach 
othar? 

1.  Slngla 

2.  Chromatic 
1.    Achromat  ic 
4 .  Compound 

If  convergent  ami  divargent  ienacs  of 
alight iy  unequal  curvature  are  preaaed 
agnlnat  each  other,  Irregular  colored 
bunda  or  patches  of  color  appear  between 
the  surfaces.     What  Is  this  defect 
called? 

1.  Diopter  rings 

2.  Newton's  rings 

3.  Astigmatism 

A  .    Curvature  of  f i^ld 


5-40. 


5-41, 


5-42. 


Learning  Objective:    Trace  the' 
path  of  light  through  a  thick  . 
lens  and  Identify  the  factors 
peculiar  to  thick  lenses.  Text- 
book pages  4-33  through  4«35. 


i-43. 


How  many  tybes  of  thick  lenses  will  you 
be  concernfM  with  in  the  Navy? 


- 1 .     One  I 

2 .  Two  j 

3.  Three  / 

4 .  Four  / 

In  answering  Items  5-38  through  5-41, 
refer  to  figure  4-41  in  the  text. 

5-38.    What  type  are  the  two  lenses  shown? 

1.  Equiconcave 

2.  Equiconvex 

3.  Chromatic 

4.  Achromatic 

5-39.    The  lenses  differ  In  their 

1.  index  of  refraction 

2.  ^radius  of  curvature 

3.  '  diameter 
A,  thickness 


5-44. 


5^45. 


What  typif  of  ray  passes  through  the 
optical  canter  of  the  lenaee  and  eaerces 
from  the  lens  parallal  tt^  the  incident 

ray  without  deviation? 

1.  A 

2.  AA 

3.  B 

4.  BB 

How  does  the  refraction  of  the  B  rayf 
compare  in  the  two  lenses?^ 

1.  Almost  the  same 

2.  KaaenMft^tl^dtffereTTt       -  "   

3.  The  same 

4.  No  resemblance 

The  front  focal  length  (FFL)  is  defined 
as  the  distance  measured  from^the 

principal  focal  point 


on  the  left  to  the  vertex  of  the 
front  surface 

on  the  right  to  the  vertex  of  tha  ' 
front  surface 

in  the  middle  to  the  vertex  of  the 
front  surface  ^ 
in  the  middle  to  the  vertex  of  th« 
rear  surface 


3, 
4. 


The  distance  measured  from  a  principal 
plane  to  its  corresponding  principal 
focal  point  is  called  the 

1.  front  focal  equivalent 

2.  rear  focal  equivalent 

3.  front  focal  length 

4.  equivalent  focal  length 

two  elements  cemented  together  with  their 
optical  axis  in  alignment  are  called  a 

1 «  compound  lens 

2.  reinforced  $ingle  lens 

3.  doublet 

4.  double  thicklet 

The  lensen  of  dou&lets  foo  large  in 
dlAineter  to  be  cemented  together  form  a 
lens  combination  called  a/an 


1.  compound  doublet 

2fc  air-epaced  doublet 

3.  twin  cqublet 

4.  complex  doublet 


5-46.     In  «  diaiyttt  compound  ittnt»  th«  ii^n«r 
tturf«c«s  of  th*  two  •imvntt  do  NOT _ 
hjiv«  th«  s«m 

*  r 

1.  r«frnctlon 

2.  diffraction 

3.  curvature 

4.  di«l«ctrlc 

 ■  ~  r 

Learning  ObJ«ctlv#i    Rscognlze  the 
as«s  of  rstlcles.  color /f  lltor* ,  and 
dlchrolc'oryatala.    Taxtbook  (Aigaa 

4-37  and  4-38. 


5-51, 


5-48. 


5-49. 


5-50. 


5-47.    What  1«  th«  function  dt  a  reticle? 

1.  To  serve  a«  a  vernier  gage 

2.  To  auperlmpoae  reference  marks/ on 
a  targat  Image    /  / 

3.  Tp  engrave  rafetencc  marka  on/a 
piano  surface  *  / 

4.  To  reflect  the  lln^  of  sight/ into 
the  eye  of  the  observer     ,  i 


What  coipr  filters  are  generaiyy  used 
in  fog  or  haze  to  filter  out  sycattcred 
blue  and  green  light? 

1.  Gre#n»  amber,  and  smoke 

2.  Green »  yellow,  and  amber  , 

3.  Blue»  yellow »  and  amber 

4.  Red,  yellow,  and  amber 

What  color  filters  are  useful  in  bright 
sunlight  to  reduce  glare? 

1.  Green »  yellow,  and  amber 

2.  Yellow,  amber,  and  smoke 

3 .  Amber ,  smoke ,  and  green 

4.  Smpke,  green,  and  red 

A  dlchrolc  crystal  allows  transmission 
of  light  vibrating  In  how  many 
directions? 

1 .  One 

2.  Two 

3.  Three  ^ 

4 .  Pour 


Learning  Objective:  Identify 
parts  and  functions  of  the  human 
eye.    Textbook  pag|p  5-1  through  5-5, 


5-52, 


5-54, 


5-55. 


5-56, 


5-57, 


A  cobbination  of  optica^  components 
arringed  to  petform  one\or  more 
opt/ical  fui^ictlons  Is  the\def inition 
of  /an  optical 


1 


system 
element 

3.  ordsr 

4 .  input 


On  which  part  of  the  human  ivm  is  the 
image  produced?  \ 


1.  Gorf^ea 

2.  Ret-ina- 

3.  Pupil 

4 .  Sclera 


A. 


5-53.    The  human  eye  is  held  in  shape  Iby  the 


retina  and  the  ciliary  musclj^e 
ciliary  muscle  and  sclera 
sclera  and  pressure  of  its 
viscous  content 
iris  and  muscles 


In  the  hu^n  eye,  what  focuses  th^  , 

eyeiens?  '  \ 

^  ■  1 

1.  Pupil 

2.  Retina  \ 

3.  Posterior  chamber  , 

4.  Giliary  process 

'} 

The  anterior  chamber  of  the  human  e^e 
is  a  space  between  the 


1.  cornea  and  iris 

2.  cornea  and  sclera 

3.  iris  and  sclera 
4 2  Iris  and  lens 


Tha  function  of  the  stijfpansory  llg^^^t 
is  to  attach  the  lens  to  the 

1.  cornea 

2.  ciliary  muscle  . 

3.  vitreous  humor 
4«  sclet-a 

What  part  of  the  human  ey^  acts  like  ithe 
diaphragm  of  a  camera?  - 

1.  Retina.  i 

2.  Sclera 

3.  Iris 

Pupil 
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What  Itt  th«  flr»t  r^eractlng  •urf«c# 
for  Itght  •nt^rlng  tb#  •y«?. 


Cornell 


5-59. 


5-60. 


1. 

2.  'irU 
3.,  Pupil 
4 .  L«n« 


A  transparent  alaatlc  body  with  a  d«n«V 
Inaida  cora  and  a  Jtaaa  danaa  outar  layir 
la  tha  dj^finltlon  tha 

i*  cornaa 

2.  rattna 

3.  pupil 

4.  •  lana  ~  ~ 

What  It  tha  natita  0f  tha  proc«ta  whan  your 
aya  changes  focus  from  n  naar  point  to  a 
far  point? 

/        1.  AccllBuitlon 

2.  Rafraction 

^  3.  Accomnodat io^  x 

4.  riiumina^ion 

5-61,     A  normal  eye  has  tha  ability  to  focus  on 
an  object  at  a  near  point  of  About 

5.0  in. 

2. \J5.^  in.  §k 

3.  f  7.*  In.  ^ 
A.    8.9  in. 

5-62.    Tha  aye  is  the  same  as  a  camera  only  In 
reapect  to  which  of  these ^components? 

1 .  Lana  ^ 

2.  Iris 

3.  Sclera 

A.  All  of  the  above 


5-63,    How' la  tha  pvocass  dascrlbad  after  an  " 
Image  is  formed  on  the  retina  of  tha 
aye? 

1 .  Mechanical 

2.  Physical 

.    3.  Sanaltiiad 
A»  Psycholdglcal 

3-64.    With  what  part  of  a  camera  may  tha  Irla 
of  tha  eye  conparad? 

1.  Ratina 

2.  Lans 

3.  Apattura 

A.-  Diaphragm 


5-66, 


5-67, 


5-68 . 


Which  of  thasa  atatamant 
part  the  procasa  ^of  visi 


1.  You  sea  th^  retinal 

2.  Light  anaVj^  strlkint  tha  retina 


a  daecribae  Id 

oil? 

Image 


of  the  aye  is  tha  te 
in  vision  \ 
The  retinel  ^maga  fo 


rminal  pp^nt 

ms  A' pattern 

that  provides  Informjition  to  tha 
narvoua  syitaj^ 

We  are  awara  of  our  ^ya  movamanta 

If  you  fix  y6ur  ayaa  on /a  point  of  sos 
unfabiiliar  picture  or  p^intad  paga»  moat 
of yVha  t-  you  a  r a  vlevfng /  wirl  1  ba 

1.  invisible 

2.  barely  viaible 

3.  in  sharp  focus 
A . '  magnified 


Light-aensit ive  elanc 
of  two  kinds »  namely. 


Its  of  the  eye  are 


1. 
2. 
3. 
A. 


rods  and  cohas 
nerve  tissue  and  fibel^ji 
nerve  flbera  siid  blood  vesaele 
tissues  and  vessels 


What  lis  the  most  sensitive  area  of  the 
retina? 

1 .  Blind  spot 

2.  Fovea      ^  . 

3.  Optic  nerva 

A.    Choroid  ^ 


Learning  Objective:    Racognie©  tha 
^laments  of  good  viaion  as  wall'  as 
defects  in  npnhal  and  night  vlalon. 
Textbook  pages  5-5  and  5-6. 


5-69. 

4 


What  is  rhlllopsin? 


1. 
2, 


3. 
A. 


5-70, 


A  violet  photOfiansitive  pigment  in 
the  retinal,  cmaa 

A  red  photoaensit iva  pigment  in  tha 
retinal  rods 

A  violet  photoaanaitiiva  pigment  in 
the  retinal  rods 

A  red  photosansitiva  pigment  in  tha 
retinal  conta 

What  part  of  the  aye  haa  tha  moat  to  do 

with  night  vlalon? 

1.  t^upll 

2.  Sclera 
3»<  Conaa 
A,  Roda 


.    5-71.    Which  of  th«*«  art  primary  color*? 

t 

1.  R«d,  whit«»  and  blu« 

2.  Grctn^  yfllow,  undl  blue 

3.  Rttd,  gr««n,  ^nd  blue 
A.  Blue,        »  and  yellov 

5-72.    Whet  ie  th«  meet  cointton  fblorCdef Iclency 


in  humane? 

1.  Red-green 

2.  Green-blue 

3.  Blue-yellow 
A.  Yellow-green 

5-^73.    What  ie  visual  acuity? 


1,  Percentage  ot  rods  in  the  retina 

2«  Percentage  of  cones  in  the  retina 

3.  Sharpness  of  vision 

A.  Ability  to  see  at  night  . 


5-7A.    The  standard  for  measuring  visual 

^  acuity  is  the 

1.  5-minute  square  letter 

2.  lO-minute  square  letter 

3.  20-mlrtute  square  letter 
A.    AO-minute  square  letter 

5-75.    A  vision  of  29/20  means  that  at  a 

distance  of  20  feet»  the  person  can 
read  a  line  of  letters  on  a  chart  which 
.  is 


1.     20  TOK  high 

2^7 — n^nfmany^ewd-  at~10  feet— 

3.     20  mils  high 

A.    normally  read  at  20  feet 
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Assignment  6 


hmuic  Optlcaj  Sytf  ma  (ContlnutKi) 

T«xtbctok  AflslgnMnt;    Pag«s  5-«6  through  5-31 


6-1; 


6-2, 


6-3. 


6-4. 


Learning  Objective;  Indicate 
functions  of  the  normal  ey<^. 
Textbook  pages  ,5-^6  and  5-7. 


What  is  meant  by  the  revolving  povc^t:  of 
the  eye?  \ 

1«  The  ability  to  distinguish  colors 

2.  The  ability  to  distinguish  distances 

3.  The  ability  of  the  eye  to  revolve 
A.  The  ability  to  distinguish  between 

adjacent  points 

The  normal  eye  can  distinguish  between 
equally  bright  objects  separated  by  an 
angle  of  dnly 

1«    1  minute 
2.    2  minutes 
3. .  3  minutes 
A.    A  minutes 

Resolution  of  an  image  depends  upon  all 
EXCEPT  which  of  the  following  factors? 

1.  Retinal  J^ocation  of  the  Image 

2.  Density  af  the  image 

3.  Brightness  of  theHCIhage 

A.    Adequate  time  for  stimulation 

About  how  much  brighter  does  an  object 
seem  when  viewed  with  two  eyes  as  when 
viewed  with  Just  onei 

1.  50% 

2.  20X 

3.  301  . 
A.  AOX 


Learning  Objifcctlve:  Indicate 
chatacterlstlcs  of  normal  vision 
as  well  as  abnormal  vinlon.  Text- 
book pages  5-~7  though  5-12. 


6-5.    The  fleW,  of  view  with  both  eyes  Is^ 
'  normally  about 

1.  160"  on  the  horizontal  and  70"  on 
the  vertical 

2.  70*  on  the  horizontal  and  160"  on 
the  vertical 

•3,    80"  on  the  horizontal  and  150"  on 

the  vertical 
A.     150"  on  the  horizontal  and  80"  on 
1^  the  vertical  / 

6r6.    What  Is  the  basic  characteristic  of  ) 
stereoscopic  vision? 

1.  The  difference  In  focal  points  of 
the  two  eyes 

2.  Both  eyes  forming  an  Identical  Image 

3.  The  overlapping  area  seen  by  both  eyes 
If     ^       A.  .  The  difference  In  the  Images  formed 

on  the  two  Yetlnas 


6-7, 


6-8, 


6-9, 


The  distance  between  the  pupils  is  called 

1.  Interlinear  distance 

2.  Interpuplllary  distance 

3.  Interdimeqslonal  distance 

A.    Intersterepfcoplc  distance  -  " 

6    V';  _ 

If  your  Intfrpupillary  distance  Is  .60  inm» 
and  other  factors  of  depth  perception  are 
equal,  your  stereoscopic  Vision  would 
Imprav^  If  the  dlstancV  between  your  pupil 
exceeded 

1 • .  3A  mm 

2.  AA  mm 

3.  5A  mm 
A.    6A  mm 

How  do  binoculars  affect  your  stereoscopic 
vision? 

1.  They  reduce  the  Interpuplllary 
distance 

2.  They  increase  the  interpuplllary 
distance 

3.  They  reduce  the  distance  of  the 
object  from  the  eye 

A.    They  Increase  the  angies  of 
convergence 
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6-10. 


6-11. 


6-12. 


6-13, 


Und«r  ttxcAlltnt  conditions  of  obsttrva- 
tion,  a  w«ll-t ruined  obi«rv«r  c«n 
dt«c«irn  in  iiv«rAg«  mininum  difference 
of  nboiit 

1\     50  seconds  .or  arc 

2.  AO  seconds  of  arc 

3.  24  neconds  of  arc 

4.  12  eoconds  of  ere 

Because  of  chromatic  aberration »  which 
colors  are  automatically  focused  on 

your  retina? 


1.  Green  and  yeTlow 

2.  Yellow  and  blue 

3.  Blue  and  red 

A .     Red  aiKl  green 

What   is  the  name  of  the  defect  whereby 
the  surface  of  the  eye  is  more  strongly 
curved  in  one  plane  than  in  another? 

1.  Hyperopia 

2.  t^yopia 

3.  Astigm^itism 
A.  Cataract 

If  the  refrapting  mechanism  of  the  eye 
is  too  strongs  the  eye  suffers  from 

1.  hyperopia 

2 ,  myopia  ,  *^ 
3*  astigmatism 

4.  dyspepsia 


6-lA.    What  vi^on  defect  is  characterized  if/ 
the  refracting  mechanism  is  too  weak? 

1.  Hype'^ropia 

2»  Myopia  « 

3.  Astigmatism 

A»  Dyspepsia 

6-15.     What  is  a  good  way'^o  rest  your  eyes? 


6-17.    Which  of  these  choicM  is.  NOT  a  basic 
function  of  sn  eyepiece? 

1.    Forming  an  aberratlon-^f ree  iftage 

2*  Magnifying 

3.    Allow  the  observer**  eye  to  be 

placed  at  the  exit  pupil 
A,    Removing  parallax 

6-16.    What  Is  the  nearest  the  normal  eye  can 
approach  an  eyepiece  surface  with 
comfort  ? 

1.      8  to  10  mm  ' 

_   

3.     12  to  lA  mm 
A.    lA  to  16  mm 
It 

6-19.    Optical  Instruments  may  be  classified  as 

1,  monocular  or  binocular 

2^  objective  or  subjective 

3.  divergent  or  convergent 

A.  magnifying  or  aberration-free 

6-20,    Whae  is  meant  by  a  dominant  eye? 

1.  One  that  magnifies  more  than  the 
other 

2.  One  that  is  used  more  than  the  other 

3.  One  that  is  abei'v'tt ion-free 

A,    One  that  is  more '^accommodating 

6-21,    When  focusing  an  instrument  with  an 
adjust Ible  eyepiece »  your  first  step 

IS"^  to  . 

1.  move  the  eyepiece  slowly  in  until 
the  target  image  ie  sharply  defined* 

2.  move  the  eyepiece  to  the  extreme 
plus  diopter  position 

3.  allov  your  eye  to  relax  completely 
A.    move  the  eyepiece  slowly  out  until' 

th^  target  imag*  Is  sharply  defined 


1 .  Rub  your  eyes  for  a  while 

2.  Obtain  stronger  eye  glasses 

3.  I^ook  at  small  objects  for  a  while 
A.  Look  at  distant  objects  for  a  while 


Learning  Objective.:    Identify  the 
types  and  makeUp  of  eyepiecss  ussd 
in  the  Navy.    Textbook  pa^ee  5-13 
through  §-17. 


6-16.    What  is  the  distance  of  the  most  distinct 
vision  of  the  eye? 

1.  6  in. 

2.  8  in. 

3.  iO  i«, 
A.     12  In. 


-22.  Telescopes  provide  a  sufficiently  wid« 
ra'nge  of  accommodation  if  the  magnifi- 
cation is 


1. 
2. 
3. 
A. 


lOX  or  less 
8X  or  less 
6X.  or  less 
AX  or  less 
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6-24. 


Ey«pi«cM  Itt  military  optical  inttru«tnt( 
con«l«t  of 

i*    on«,  t^io,  or  thrM  l«ns«t 

2.  two,  thra«  or  four  l«n8«i 

3.  thrM.  four,  or  fiv«  l«nttt 
A.     four,  fiy«,  or  six  l«n««« 

If  th«  third  •l«m«nt  is  used,  what  it 

it  Cllli#d? 


«-30.    What  aharactariatic(a)  of  conponant 

lanaaa  maka(a)  ao  ayapiaca  ayawatricalf 


1. 

2, 
V 


3. 


tartiary  ^It 


Idanticai  diamatara 

Idantical  diamatara,  focal  langtha^ 

thicknaaaaa,  and  indaxaa  of  rafrac^ 

tion 

Idantical  diamatara  and  focal  langtha 
Idantical  diamatara,  focal  langtha » 
and  indaxaa  of  refraction 


6-25, 


1.  Tha  tartiary  ^lamant 

2.  Tha  Ihtarmadiate  lana 

3.  Tha  backup  lens 

4.  Tha  f  l^hi  Imm 

What  la  tha  makaup  of  the  Huygana  aya- 

place? 

1.  One  convaxo-plano  and  one  cortcavo- 
plano  iana 

2.  Two  concavo-plano  lanaaa 

3.  Two- convaxo-'plano  ianaea 

4.  Two  convaxo-plano  and  one 
concavo-plnno  lana 

Ona  feature  of  the  Huygena  eyepiece  la 
that  it 

1.  haa  no  chromatic  aberration 

2.  has  no  apharicajl,  aberration 

3.  can  be  made  free  of  coma 

A.    can  have  positive  astigmatism 

6-27.    Tha  Ramadan  eyepiece  is  made  of 

1.  one  plano-convex  lens 

2.  two  piano-concave  lenaaa 

3.  two  plano-convsx  lanaai 

4.  ona  piano-  and  ona  plano-convex  lana 


6-26, 


6-28. 


Tl|e  outstat^ing  diaadvantage  of  the 
Ramadan  eyepiece  Is  Ita  ^ 


^  6-31.    What  type  of  ayepiacaa  are  uaed 
extenrivaly  in  riflf  acopea? 

1«  ICallner  and  Ramadan 

2.  Huygana  and  Kail net 

3.  Huygena  and  aymraatrical 
A.  Symmetrical  and  Rallnar 

6-32.  A  planoconvex  triplet  field  lena  and  a 
aingle  planoconvex  eyelens  are  part  of 
tha 

1.  Raoisdan  eyepiece 

2.  Huygena  eyepiece  .  ^ 

3.  KelXner  eyepiece 

41     Orthoacoplc  eyepiece 

6-33.    The  orthoacopic  eyepiece  ia  ao  called 
becauae  It  ia  free  of 

^       1.  distortloi> 

2.  chromatic  aberration 

3.  apherical  aberration 

4 .  coma 

f 

6-34.    Wh^ch  lana  convergee  light  whioK  other- 
wiee  would  miaa  the  intermediate  lena? 

1.  Triplet 

2.  Singlet 

3.  Field  lene 

4.  Eyelene 


.A. 
2. 
3. 
4. 


aarious  apherical  aberration 
extenaiva  coma 

aarioua  chromatic  aberration 
relatively  low  magnifying  power 


6-29. 


What  advantage  doee  the  Kellner  eyepiece 
enjoy  over  the  Ramadan? 

1.  Leaa  apherical  aberration 

2,  The  eyelet  ia  a  doublet 
3..  Leaa  chromatic  aberration 
4.  Reduced  coma 


Learning  Objective:    Recognise  the 
makeup  and  construction  of  the  aimple. 
telaacopf.    Textbook  p#gea  5-17 
through  5-19. 


6-35.    In  ita  simpleat  form>  a  teleacope 
consists  of  a/an 

1.  l«n«  and  a  mirror 

2.  mirror  and* An  objective 

3.  objtctlve  and  a  diaphragm 

4.  objaotlva  and  an  «yeplac« 
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6-36i^.    lu  th«  proc««t  of  rtfractlon  and  r«fl«b* 
tlon  by  a  toi««cof)#  iiyt£«ai»  thm  iMga 

1.  rsfracted 

2.  r«fl«ctcid 

3.  ravax'tail 

4.  inv«rt«d 

6-37.    What  kind  of  t«i«tcop«t  giva  th«  vlawar 
an  Invartad  vlav? 

1.  Aatronomlcai 

2.  Klald 

_  ^  mveraton  ..  x  . 

A,  Objactlva 

6-38 »    Wliy  is  it  NOT  practical  to  daaign  a 

teiencope  iena  higgar  than  40  incKaa? 

1.  Coat  of  good  giaaa 

2.  Weight  and  physical  charactar  of  / 
glaaji 

3.  HaterUl  is  not  available 

4.  Mounting  would  be  too  masaiva 

6-39.     At  least  how  many  element a  muat  an 
objective  lens  have  to  correct 
aberrations? 

1 .  One 
,    2.  Two 

3.  Three 

4 .  Four 

6-'40.    How  much  chromatic  aberration  does  a 
mirror  have? 

^1.  A  little 

2.  None 

3.  Moderate 

4.  Extensive 

6-41.    Why  did  the  Corning  Glass  Company  use 
Pyrex  rather  than  ordinary  glass  in 
making  the  objective  for  the  Mt .  Palomsr 
telescope? 

1.  Pyrex  axpands  and  contracts  less 
than  ordinary  glaaa 

2.  Pyrex  expanda  less  but  contracts 
more  than  ordinary  glass 

3.  Pyras^  axpanda  more  but  contracta 
leaa  than  ordinary  glass 

4.  Pyrex  expands  and  contracta  more 
^  than  ordinary  glaaa 


6-42.    What  kind  of  imaga  ia  formed  in  tha 
focal  plane  of  the  objective  iana  in 
figure  5-25  of  the  text? 

1.  Real,  inverted T  revarfad»  atui ' 
diminishad 

2.  Real»  inverted,  reverted »  end 
enlarged 

3.  Virtual »  inverted »  revertatd»  and 
diminiahad 

4.  Virtual »  inverted*  revart«d»  and 
diminiahad 

6-43.    The  diameter  of  the  bundle  of  light 
l«ivlilj"*n  "optlc^il"  ayatem  Ta  tlm  '. 
t#         'definition  of  the 

1.  free  aperture 

2.  exit  pupil 

3.  eye  diatance 

4.  true  field 

6-44.    The  numerical  meaaura  of  the  diatance 
from  the  rear  aurfaca  of  the  rear  eye- 
lens  to  the  fixed  poaition  of  the  exit 
pupil  defines  what  optical  term? 

1 .  Free  aperture 

2.  Exit  pupil 

3.  Eye  diatance 

4.  True  field 

6-45.    The  maximum  cone  or  fan  of  raya, 

subtended  at  the-  entrance  pupil*  that 
ia  tranamittad  by  the  inatrumant  to 
form  a  uaable  image  ia  the  dffinltion 
of  the 

1.  free  aperture 

2.  exit  pupil 

3.  apparent  field 

4 .  true  field 


Learning  Objective:    Identify  tha 
faaturea  of  .the  Galilean  telescope 
and  compute  magnification  when 
given  formulae  to  uaa»  Textbook 
pagea  5-20  through  5-25. 


6-46^  Which  of  tha  following  faaturea  vae  NOT 
preaent  in  Galileo* a  flrat  teleacope? 

1.  Negative  eyelena 

2.  Converging  raya 

3.  Objective 

4.  Real  image 


•V. 
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4i3 


WhAt  w(ia  th*  pow«r  of  Callleo'ii  firgt 
K  30 

2,  .  20  ^ 
10 

A.  5 

6-A8.     Th*  t«rro«trUl  t«l««cop©  U  uii«d  to 
view  obj«ict»  All  normal  and 

1.  diminished 

2.  r«v«rt«d 

3.  lnvort«d 

 -   enttct- —  ^  . 


6-34. 


6-51, 


6-52, 


6-53, 


6-55, 


6-49.     What  diopter  letting  ig  used  if  all 
light  ray*  from  any  point  sourco 
locnteti  At  infinity  marge  from  the 
eyepiece  parallel? 

1.  Zero 
2. 

3.     il  V 
A.  -1/2 

6-^50.     In  a  Uolllean  telescope,  what  controis 
the  field  of  view? 

I.  Diameter  ot  the  objective 

;       2.  Field  atop 

3,  Free  aperture 

A.  Exit  pupil 


6-56. 


6-57. 


Any , astronomical  teleacope  can  be  ' 
converted  to  a  terreatrial  taleacope 
by  inserting  a  lens  between  the  eye- 
piece and  the  objective  to 

1,  increase  the  viaual  angle  and  magnify 

2,  erect  the  image  and  magnify 

3,  refract  and  magnify 
A.  diverge  and  magnify 

In  the  magnification  formula »  if  Dq  is 
3  fQcal  lengtha  D|  la  2  fo«^i  lengths, 
then  M  equals  / 

1.  0,5 

2.  0.66 

3.  .1.5 
A.  0.33 

If  tha  objective  focal  langth  is  A 
inchea,  and  the  eyelana  focal  length  ia 
2  inches^  then  M  equals 

1.  0.5 

2.  1.0 

3.  1.5 
A.  2.0 


6r58. 


6-59. 


6-60. 


If  the  baeic  telescopeS.magiiif ication  ia 
6  and  the  magnification  o^,  the  fer%ctor 
ia  0.5;  then  the  magiVl  f  Jcat  ion  61  the 
telescope  iy 

1.  1^  power-  ^ 

2.  2  power 

3.  3  power 

A .  A  power  ^ 

Wlittt  is  ^he  magnification  in*flgurc 
5-30C  of  t?ho  text? 


1, 
2. 
3. 
A, 


2X 
AX 
8X 
16X 


If  -two  erecting  lensea  have  the  same 
diameter,  thickness,  and  index  of 
ref taction,  but  have  different  focal 
lengths,  then  these  lenses  are  rfefetred 
to  as 

1 .  aymmetvical 

2.  identical 

3.  asymmetrical  - 
A.  Hissimliar 

vjn  figure^  5-^32  of  the  text,  what  happens 
to  the  ray«  as  they  enter  the  let  erector? 

y 

They  are  refracted 

2.  They  are  diffracted 

3.  They  are  diffused 
A.    They  are  flubtended 

In  figure  5-32  of  the  text,  ray*  which 
enter  the  2nd  erector  are  always 

i.  suffused 
,2.  parallel 

3.  fixed 

4.  diffused 

What,  if  anything,  happeiris  to  the  field 
of  view       magniflqation  increases? 


1. 
2. 
3. 
A. 


It  increaaea  ^ 
It  decreases 
It  blura 

Noth^,ng;  It  remains  unchanged 

Why  ara  Jhand  held  eacopes  usually 
limited  to"^?  .  . 


1. 
2. 
3, 
A. 


To  reduce  eye  atraln 
To  increase  fine  detail'  . 
To  reduce  weight 
To  control  apparent  target  movement 
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6-61.    Mow  ouiny  itAgtM  of  magnification  Ar« 

•th^r^  b«t^Mn  two  ilmlta  of  a  vArlnblc 
poMr '  t«i««cop«? 


6-66.    In  II  gunaight  that  has  a  iana-aractlng 
ayatam.  In  how  nuiny  piacaa  caix  tha 
raticia  b«  piacad? 


1. 

X  2. 
3. 
^  A. 


6 
6 
10 

Unilmltad 


I. 
2. 
3. 
4. 


One 

Two 
Three 

Four 


6-62. 


6-6.3. 


6-64, 


In  tha.changa  of  powar  taiaacopat  for 
how  many  poaltlona  of  tha  aractlng  lens 
ara  tha  two  image  planen  conjugate?  ^' 


1 .  Ona 

2.  Two 

3.  Thraa 

4 .  F9U  r 


6-67, 


In  a  variable  power  system »  high  power 
provldea  how  much  more  magnification 
than  low  power? 

1.  Ona  to  two  times 

2.  Two  to  three  t Imaa 

3.  (hree  to  four  times 

4.  Four- to  five  times 

j[f  two  porro  prlaras  are  placed  within 
the  fociil  length  of  the  objective  lens, 
what  kind  of  image  doe^  the  viewer  see? 

1.  Inverted  and  reverter! 

2.  Erect  and  .normal 

3.  Erect  and  reverted 

4.  Inverted  and  normal 


Learning  Objecclve:     In^lT^ate  the 
conat ruction  and  uses  of  the  . 
gunaight^eleacope  and  the 
microscope.     Textbook  ||kges 
5-26  through  5-30.  . 


6-65, 


6-68, 


6-69. 


Parallax  occura  becauaa  what  two  alaMnta 

do  NOT  line  up? 

1.  Field  of  vlav  and  reticle 

2.  Reticle  and  erector  focal  plana 

3.  x)b3is«nrrv«^  iiRinjir iti^tw "raer ♦tact&r 
focal  plane 

4.  Field  of  view  and  erector  focal 
plane 

Wliich  of  these  methoda  can  be  used  to 
ftnd  the  power  of  a  telescope? 


M  • 

fe 

M  - 

fe 

EP 

FA 

M 


true  field 
apparent  field 


A  gunaight  telescope  improvea  the  vie\r 
of  diatant  targets  but  can  NQT  do  which 
of  the  following? 


For  measuring  the  diameter  of  an  exit 
pupil »  what  la  the  beat  technique? 

1.  Use  a  dynameter 

2.  Focus  on  a  placa  of  papar 
3*    Measure  the  eyepiace 

/^4.    Divide  the  focal  length  of  tha 
^  inatrument  by  the  diameter  of  tha 
objectifve  ^, 


6-70.    The  dynameter  reticle  la  graduated  in 

S  V 

1.  0,5  ram 

2.  0.750  mm 

3.  1.0  mm 

4.  1.25  ram 


1.  Concentrate  a  greatar  quantity  of 
light  from  the  target  than  tte 
unaided  eye  can  gather 

2.  Erect  thp  target  image 

3.  Superimpose  a  reticle  upon  the 
target 

4.  Indicate  the  relative  dtatance  of  the 
target 


6-71,    What  term  is  defined  ai  tha  angular 

area  of  a  target  which  can  ba  transmitted 

through  the  objective  of  an  inatrument 
to  form  an  image? 

1.  Apparent  field 

2.  Induced  field 

3.  True  field 

4.  Hypothetical  field 


b-U.     What  «re  th«  two  typ««  of  mlcroHCopes?  6-7/..     Clvon  l)^  n«  0.5  nml        nH  8  l»ch«..  M 

1.  Unrtl<t«d  «nd  oicctrontc 

2.  BloLoglciiL  and  mlorobloio^icrtl  i\  {(y 
K    Aided  find  nnAldtid                                                   2!  12 

,     Slmplo  nrtd  compound  3^  q 


6-7:K     Mlcro»cope«  Im-roaiio  the  tiHtsfn  I  nt^ss  of 
tho  oyo,  bocaiiHo  the  eye  la 

v.     0  short-rangw  optical  instrnmont 

.         high  rtruUy 
2.    a  iong~r<tngo  opclcnl  Inatrumont 
of  Low  ttoulty 

A  laiig^xango-  optical  iuH^rument 
of  high  acuity  ' 
A.     n  short-range  optical  Instrument 
»        o  f   Low  acuity 


ERIC 


4 


42 

4i» 


Assignment  7 


Textbook  ABBlgnmont:     Pngos  6-1  through  7-3 


7-1. 


7-2; 


7-3, 


Learning  Objective:  Recognize  the 
mechanical  features  of  optical 
Instruments  used   In  the  Navy. 
Textbook  panefl  6-1  throufch  6-6. 


7/*-^,    Ulmt-  i«/are  the  t«n<^tion^-e)  of  -the  - 

m<ichlnod  mounting  pi^ids  used  pu  gunslght 
liouslngs? 


7-4, 


Which  of  t^ve  /ol  lowing  factors 
Influences  the  design  of  an  optical 
Instrument? 

1,  Nameplatc  data 

2,  Use  or  application  of  the  Instrument 

3,  Location  of  the  Instrument  when  not  • 
In  use 

4,  Who  Is  going  to  repair  the  Instrument 
BJnocular  bodies  are- usually  made  of 

V,     cast  bronxo 

2.  cAst  Iron 

3.  caet  aluminum 

4.  .steel  alloys 

The  houelng' of  most  gunslght  telescopes 
is  made  of  which  of  the  following 
materials? 

1,  Ci\st  bronze  * 

2,  Cast  Iron 

3,  Cast  *  aluminum 
A,     Magnesium  alloy 

What  Is  the  main  factor  considered, In  the 
design  arrangement  of  a  housing? 

1.  Accessibility  of  optical  and 
mechanical  components 

2.  *  Locetlon  of  optical  and  mechanical 

components 

3.  Meterinl  'ffom  which  the,  body  is 
made  \ 

4.  Type  of  prlem  mount  to  b\  used 


1,  To  provide  accurate  alignment 

2,  To  provide  vortical  mounting  surfaces 

3,  To  provide  horizontal  mounting  nur- 
f  acoa 

4,  To  provide  all  of  tlio  above 

7-6,    An  Instrument  housing  la  designed  with 
accesrf*  holes  and  cover  plates  for  which 
of  the  following  purposes? 

1,  For  ease  in  ass()mhllng  and  adjusting 
encimrtST  parts 

2,  For  reading  the  instrument 

3,  For  an  escape  route  of  trapped  gases 

4,  For  all  of  the  above  purposes 

7-7,     Vrtuit  isXhe  function  of  a  lens  cap? 

1,  To  reducejglare  caused  by  sunlight 

2,  To  protect  t fie  observer ' s  eyes 

3,  To  protect  the  eyelens  of  objective 
lens  ^ 

4*    To  limit  the  passage  of  light 

7-8,     What  la/are  the  function(8)  of  the  eyte  i 
guards? 

,1.    To  protect  the  observer's  eye' 

2,  To  keep  out  stray  light  rays 

3,  To  maintain  proper  eye  distance 

4,  To  do  all  of  the  above. 

t'  ^ 

7-9,    Where  Is  a  field  stop  normally  placed  in 
an  optical  instrument? 

1.  At  the  image  pliine 

?.  At  the  entrance  pupil 

3,  At  the  exit  pupil  ^  ^ 

4.  Between  the  erectors 


7-10, 


A  compontnt  ^oc«t«d  to  limit  th«  nize  of 
th«  •ntrttnc*  pupil  im  c^X Imd  'a/an 

1.  apertvtr«  atop 

2.  Antiginre  iitop 

3.  field  «top  • 
A .  '  lonn  «top 

j:-!  


7-11 


7-12, 


7-13, 


7-U, 


Uarning  Objective:    Recognitc  tho 
problemf  of*  designing  the  proper 
mount«  for  optical  lnetru^«inte. 
Textbook  pAgeii  6-7  through  6-10. 


.     Antiglaro  stops  are  located  Clthln  tho 

1.  front  focal  length  of  the  objective 
lens 

2.  back  foonl  length  of  the  objocttvr 
lens 

3.  front  focal  length  of  tho  erector 
ions 

A.     back  focal  length  of  the 'erector  lens 

Why  do  lann  spacers  have  machlni?  bevelo^l 
ends  whore  they  contact  the  lenses? 

1.  To  separate  the  lenses 

2.  To  .fit  in  the  lens  cell 

3.  To  fit  the  retaining  ring 

A.     To  provide  a  anug  fit  with  no  sharp 
edges 

How  are  most  retainer  rings  held  in 
place? 

1.  By  a  "tight  fit 

2.  By  a  setscrev 

3.  By  a  lock  wadher 

4.  By  another  retainer  ring 

Axial  ad  Jus  tinent  of  a  single  lens  In  an 
Instrument  Is  notinally  accomplished  by 
means  of  a/an 

1.  burnished  mount  • 

2.  eccentric  mount 

3.  externally  adjusted  lens 
A.  externally  threaded  mount 

Mow»  if  at  all,  can  you  obtain  additional 
movement  of  the  optical  axis  other  tha!\ 

>thAt  provided  by  the' eccentric  ring  and 

Jknint?  -  A 


1. 
2; 
3. 
4, 


Replace  the  eccenttlc  rlngs^ 

Reverse  the  l^na 

Rotate  the  lens  in  its  mount 

You  cannot  obtain  additional  movement 


^Learning  Object Ive:     Indicate  the 
typoe  of  mounting  prlsma«u««d  In 
Navy  optical  Instrumenta,  Textbook 
page*  6-10  through  6-12. 


In  items  7-16  through  7-18,  select  from  column 
^B  the  type  of  mount  that  fits  the  description 
in  column  A. 


A^J)eBC£ljMtiori 

T~l"6.    Concintrlc  bdarilig 
surface  machined 
offset  from  tho 
mcfihanlcal  axis 

7-17.     Right  angle 

bracket  on  whlc;ti 
tho  prism  rti^sts 

7-18.     Flat  metal  plane 
shaped  to  fit  the 
interior  of  a 
housing 


B.     Type  of  jtount^ 

1 .  Pbr~f6  prism  moimt 

2,  Roof edge  prism 
mount 

v3.    Right  angle 
prism  mount 

4.     Eccentric  moii^it  "^^f- 


7-19'. 


7-20. 


7-21, 


Lean  exists  in  prism  clusters  when  tho 
prisms  are  at  right  angles  to  each  other. 

What  device  is  used  ^  a  porro  prism 
cluster  to  prevent  ijpey  light  rays  frota  V 
entering  the  prism  surfaces? 

1.  A  metal  shield  over  the  prism 

2.  A  metal  shield  over  the  prism  strap 

3.  *  A  prism  collar 

4 .  A  spring  clip 

Adjustments  of  tbe  distance  between  a 
reticle  and  eyepiece  in  an  optical 
instrument  may  be  accomplished  by  which 
of  the  following  devices? 

1.  Rack  and  pinion 

2.  Draw  tube 

3.  Rotatable  eyepiece  / 

4.  Ail  of  the  above  / 


7  " 

Learn ing^^ebfectriKPJ    Identify  the 
focusing  atrangemeit^e  with  which 
an  Opticalman  will  work  and  the 
makeup  of  eyepiece  mounts.  Text- 
book pages  6-12  through  6-17. 
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-22. 


Vrttich  of  th«««  focu»ln|  iirr«ng«Mnt« 
'conttliit«  of  A  m«taL  tub«  which  con* 
tilins  th«  and  th«ir  rttt«ln«r 

ring  aikI  oiAn  btt  A«cur#<IV^o  th«  f(uid<t 
tub«  or  withdrawn  from  it? 


7-28, 


In  an  optical  Inatrumant ,  what  1«  cha 
function  of  n  bearing? 


I.  Draw  tuba  \ 

2.,.  Spiral  kayway  ayaploce 

3.  Fixed  ayaplece 

4.  Multiple  lead  thread 


1. 
2. 

3. 
A, 


To  reduce  friction 

To  g^dido  and  aupport  reciprocating 

elefpentn 

To  act  aa  a  locking  device 
To  act  aa  n  braking  device 


7-29. 


7-23. 


Which  fociiainK  ilrfj^gement  In  n  modlfi' 
cation  of  the  drew  tiibe? 

    - 

Spiral  k^xvuy  eyepiece  • 


What  type  of  b<u^lng  |oad  dlrecta  the 
load  along  the  eurfaci  of  an  obJectT 


Fixed  eyepiece  - 
Internul-focueinjg  eyepiece  - 
Multiple  lead  t^hread  ^tyepiecf 


1. 

.2. 
3. 
A. 


Nornal 
Radial  ■ 
Axial 
Angular 


7-30. 


7-2A 


7-26. 


In  which  focuaing  i|i;);^ai^^ment  doea  the 
eccentric  plate  ailAe  the  ienti  mounta 
from  maximum  to  minlmvim  throw  with  a 
hnlf-turn  or  lesil  of  the  focuaing  knob? 

1.  Spiral  keyvay  eyepiece 

2.  Fixed  eyepiece 

3.  Internal-foc^alng  eyepiece 
A .    Draw  tube 

WhlcJj  type  of  eyepiece  is  generally 

preferred  in  instruments  with  reticles? 


1\  Internai'-focuaing 

,..4»^.,..EijM>A, 

3 .  Hurt  ipiir'%Sti--iht«itd 

A  .     Draw  tube  ■ 


Sliding  surface  bearings  are  ueed  in' 

which  of  the  following  equipmeiflt? 


1.  On  a  lathe 

2.  In  a  car  engine 

3.  On  gunaighta 

A.  All  of  the  above 


V 


7-31, 


What  la  the  purpose  of  the  sqtiat^v. 
aurfaci^  bearing  used  in  optiq^ 
instruments?  \ 

1.  To  aupport  adjusting  scfrew^ 

2.  To  act  as  a  locating  bearing 

3.  To  hold  parts  inside  the  instrument 
A.  Tq  do  all  Fhe  above  . 


pry  , 

1 


Which  eyepieces  can  be  sealed  to/pr^y 
entrance  of  foreign  metter  and  nlfolstli 


7-27. 


reign 

1 .  Sptrai  keyw»y^ 

2.  Multiple  lead  thread 

3.  Draw  tube 

A .     Int  ernal-focuslng 

« 

Which  of  the  following  Itens  beet 
deecrlbes  the  light  rays  leaving  an 
inetrument  which  has  a  fixed-type 
eyepiece? 

1.  Slightly  convergent 

2.  Parallel 

3.  Slightly  divergent 
A ,    Ml  of  the  ebove 


Lfjarning  Objective:    Indicate  the 
typee  and  func^tions  of  bearings 
uee<l  in  Navy  optical  geer*  Textbook 
pagee  6-17  through  6-19. 


ent 

tfire.?. 


In  items  7-32  t'hrough  T^U^  select  from  column 
the  type  of  ball  bearing  used  for  carrying 
he  shaft  load  i|i  column  A. 


,/•• 

^-32. 


1 


7-33. 


7-3A, 


A>     Shaft  Load 

Loads  appllW  to  a 
plane  perpendicular 
to  the  axis  of 
rotation 

Loads  api>lied  in  the 
same  direction  aa  the 
axis  of  the  shaft 

'^^ada-  having  ,both 
radial  end  axial' 
thrust 


B.    Type  of  Ball 
Bearing 


2, 


3. 


A/ 


Angular 
Trunnion 
fUdi«il 
Tbruet 


7-35.    Preloading  is  the  arrangeaent  df, 
of  angular  ball  bearings  ao  that: 
angular  contact  surfaces  of  tt^ir^u 
«         and  inner  races  of  one  bearing  e" 
\a  force  which  oppoeee  the  out 
Inner  racea  of  the  other  bea 


7-36. 


7-38. 


To  comp«n««t«  for  Mar  in  ball  bvartnga, 
what  must  you  do?  *' 


1.  Rcplacti  th«m 

2.  Adjuat  them 

3.  Uaa  more  lubricant 

A.  .  Uao  haavl«r  lubricant 


Laarning  Ob1< 
and  ^1 


•ctiva;  Identify  the 
inctiona  of  geara  uaed 

Text-- 


typaa  and  >unci:iona  ot  gea 
In  Navy  optical  equipment, 
book  pagea  6-fO  «i>d  6-21. 


7-37, 


What  ia  the  taoat  common  type  of  gear 
uaed  in  optical  inatrumenta  to  transmit 
power? 

1.  Bevel  gear 

2.  Spur  gear 

3.  Miter  gear 

^.     Rack  an^  pinion 

Small  spur  gearn  are  usually  made  of  all 
EXCEPT  which  of  the  foltdw^ng  metals? 


1 .  Brass 

2 .  Aluminum 

3.  Steel 

^.  Cast  Iron 

7-39.     A  miter  gear  is  used  to 


1. 

2. 
3. 


increi^ae  the  speed  of  a  beWi  gear 
decrease  the  vpeed  of  a  bevel  gear 
change  the  ditection  of  motion  90** 
with  a  decteaM  iji  speed  -  ^ 
change  the  direction  gf  motit^* 90' 
with  no  change  in  speed  . 

'--AO.     When  a  double-Wad  worm  is  turned  .;t*w?> 
revolutions,  how  many  teeth  will  thlt^y^^^^ 
sector  advance?  ^ 

i:  Six 

2.  Two 

3.  Three 
A.  ^Four 

-41.     Which  of  the  following  gears  is  mated  at 
45*  angles? 

1 .  Bevel 

2.  Spur 

3.  Worm 

4.  Helical 


Learning  Objective:    Recognize  the 
types  and  usee  of  sesliag  compounds » 
gaakets,  0-rings»  and  other  sealing 
devices  used  in  optical  instruments. 
Textbook  pag«s  6-22  through  6-26. 


7-42.    Why  are  optical  instrument  bodies 
sealed? 

1.  To  withstand  immersion  in  water 

2.  To  ipiaintain  cleanliness  of  the 
Optics 

'    ^3.     To  maintain  internal  nitrogen 
m  '  preasure 

4.     To  do  all  the  above 

7-4  3.    Which  of  the  following  characteristics 

best  describes  modern  sealing  compounds? 

1 .  Hard  to  work  with 

2.  Require  short  cure  time 

3.  Require  long  cure  time 

4.  Nonflexlble 

7-44.     If  the  proper  amount  of  sealant  Is  used, 
lenses  can  be  left  cocked  in  their 
mounts. 

7-45.    The  primary  reason  for  sealing  optical 
instruments  is  to 

1.  close  all  openings 

2.  hide  all  Joints 

3.  hide  all  setscrews 

4.  make  your  Instrument  look  neat 

7-46.     For  economy. x^^sona ,  you  should  replace 
only  those  flat  ga8t;et&  that*  are 
defective . 

7-47.    An  0-ring  prevents  internal  and  external 
leakage  by  distorting  under  pressure, 
thereby  flowing  into,  filling,  and 
V     sealing  a  passage  to  prevent  fluid  flow. 


7-48. 


7-49. 


7-50. 


0-rings  may  wear  out  due  to  age  and 
temperature  changes. 

0-rings  may  be  installed  with  wpoden 
dowels. 

* 

Prior  to  installing  a  new  0-ring^  you 
•hould  check  the  package  to  determine 
the 


1. 
2. 

3. 
4. 


♦expiration  3ate  of  the  old  0-rlng 
cure  date 

manufacturer  of  the  0-rln'g 

proper  lubricant  to  use  on  the  0-rlng 
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-55. 


7-56, 


Figure  7A  J 
-51.     In  the  above  figure,  the  2  stands  for 


r. 

2. 
3. 
4. 


Febnl^lry 

two  li\  the  package 
the  second  quarter 
the  expiration  month 


Learning  Objective:     Indicate  the 
'type  and  use  of  lubricants  In 
optical  Instrument  repair.  Text- 
book page^  6-26  and  6-27. 


7-5"2»    The  main  consideration  In  selecting  the 
proper  lubricant  Is  the  temperature  zone 
.In  which  the  Instrument  Is  to  be  used, 

-53.    What   Is  tlie  primary  purpose  for  using 
'   grease  or  oil  In  an  oJrt?4cal  Instrument? 

1.  To  prevent wear  , 

2.  To  snug  the  fit      *  •  „ 

3.  To  provide  a  smooth  action 

4.  To  seal  the  Instrument  ' 

-5A.    Which  of  the  following  features  Is/are 
required  of  grease  containers? 

1.    They  should  be  fitted  with  a  cap 
"2.    They  should  be  coveted  when  not  ^ 
In  use  / 

3.  They  should  be  labeled  properly  I 

4.  All  of  the  above 


Learn itig  Objective:     Indicate  the 
procedures  for  Inspecting  optical 
instruments.     Textbook  pages  7-1 
and  7«2. 


If  an  optical  Instrument!  Is  in  a  shipping 
contalper  which  will  not  close  con\pletely. 
^Khftt' 'sripuid  you  do?  ' 

1.  Slam  the  lid  closed 

2.  Throw  the  container  away 

3.  Examine  the  Instrument  and  container 
to  Identify  the  cause 

4.  Use  the  Installed  catches  to  close 
the  container 


7-57, 


7-58. 


7-59. 


7-^60. 


•7-61, 


7-62. 


The  purpose  of  optical  li^strufnent 
Inspection  Is  to 

1.  Increase  the  skills  of  repairmen 

2.  determine  the  cause  of  defects 

3.  maintain  a  constant  shop  workload 
A.     r^uce  excess  work  caused  by 

unnecessary  repairs 

When  should  you  record  all  findings  on 
a  casualty  analysis  inspection  sheet? 

1.  During  predlsassembly  inspection 

It  During^-past— di^mrsBTnblT^lrrepectlw 

3.  Before  predlsAssembly  .inspection 

A.  After  pos(:  disassembly  inspection 

Backlash  in  the  focusing  eyepiece  is 
usually  caused  by  a 

1.  tight  stop  or  retainer  ring 

2.  loose  atop  or  retainer  rlng-^ 

3.  distorted  stop  or  retainer  ring 
A.  defective  stop  or  retainer  ring 

During  inspection  of  an  Instrument,  you 
find  that  the  focus  adjustment  binds. 
This  ^rouble  is  probably  caused  by 

1.  a  t4.ght  seal 

2.  Improper  lubrication 

3.  Improper  gear  mesh 

A.     excessive  Internal  pressure" 

Wlien  the  eyepiece  Is  at  mid  throw,-  the 
index  marks  will  point  to  ' 


1. 
2. 
3. 
4. 


15  diopters 
10  diopters 
5  diopters 
0  diopters 


If  the  colbr  filters  of  an  instrument 
dd  not  .mpveVln  ani  out  ^of  the  line  of 
eight  and  tlt^  filter  shaft  cannot  be 
turned,  what  \ls  the  probable  cause? 
\.  <  - 

1.  Jhe  gears.  Vre  slipping 

2.  -  A  gear  has^become  detached  from 

the  shaft 

3.  The  shaft  is  bent  or  corroded 
A.    The  shaft  is  broken 

Lbose  or  broken  internal  parts  in  a 
small  optical  instrtViant  can  most 
easily  be  detected 

1.  sending  the  instn^ient  to  the 
factory 

2.  X*- raying  the  instrukient 

3.  shaking  the  InatrumAijt  and 
listening  for  rat tllkg  sounds 

4»    disassembling  t^e  Ini^frument 
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7-63.    Wh«n  th«r«  im  no  pr«««ur#  In  a  g««- 
•Mi«d  in«trum#rit»  th«  problem  could 
b#  c«iiMO  by 

1.  «.  4«^«ctiy«  pr«««ur«  gjig« 

2.  d4f«ctiv«  g««k«t« 

3.  badly  corroded  bearing  aurfacta 

4.  looaa  priaoMi 


Learning  Ob.Jactlva:  Dlatlngulah 
•lamenta  vlthln  nn  optical  nyatam 
and  point ^out  d«ffecta  within  th« 
«l«m«nta.     Textbpok  page  _ 
7-3.    -  • 


Contamination  or.  dark  spota  on  optica 
are  caused  by 

1.  ecratchea 

2 .  '  nolature 

3.  oil 

4.  duet  " 


7-65.     Brown  or  green  patchee  on  ieneee 
Indicate  the  presence  of 

1.  fungue  or  wetermarka 

2.  chipe  or  ecratohee 

3.  greaee  oi>  oil 
%.  dirt  or  duat 

7-66,     IrregularJLy  shaped  eplotch#«  between 
element a  of  a  lena  Indicate 

4 

1.  separated  balaam 

2.  fungue 

2*    mdature--   . 

4.  chljia 

7-67.     If  you  view  an  optical  element  under 
atrong  white  light,  properly  coated 
optics  will  show  a 

1.  deep  blue  reflection 

2.  green  reflection  \ 

3.  reddish  purple  reflection 

4.  yellow  reflection 


£RiC 
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Assignment  8 


tUtnf  nanco  Proceduf  a  -  Part  I  (ronrim.HJ^ 
T«xtbo6k  A««lgn»ent:     7-3  through  7-24 


Lemming  Objective r  Recognize 
defects  within  the  eletaents  of 
an  optical  system.  Textbook 
pages  7-3  and  7-4/ 


'  8-1.    Why  are  reticles  NKVKR  coated? 

1.  Coating  would  dlstot^t  the  r-etlcle 
pattern 

2.  The  color  of  the  coating  wbuld  be 
objectionable 

3.  The  coating  would  be  In  an  Image 
plane  nnd  flaws  would  be  visible 

4.  For  all  the  above  reasoiHs 

8-2.    Wear  or  peeling  of  the  silvered  surface 
of  mlifrors  shows  up  as  a 

1.  ^s^mddisii  color 

2.  bluish  color 

3.  greenish  color 

4.  yellowish  color 

8-3.    Which  of  these  I*ns  defects  Is  the 
least  objectionable? 

1.  Ring 

2.  Chip  ■  - 
3;  Notch 

A.  Crack 

8-4.    What  optical  defect  appears  as  a  break 
«t  the  edge  of  a  lens  caused  by  unevkn. 
^         pressure  on  the  seat  of  the  lens  mount? 

1.  Scratch 

2.  Stripe 

3 .  Chip 

4.  Notch 


8-5. 


8-6. 


8-7, 


8-8. 


I 


8-9. 


The  optical  defect  which  appears  as  a 
ground  off  surface  of  a  lens  Is  a 

1.  chip 

2.  notch 

3.  scratch 

4.  stripe  * 

If  an  optical  defeat  appears  visible  as 
you  rotate  ^  lens  completely,  that 
defect  Is  known  as  a 

1.  chip 

2.  scratch 
^.  notch 
4.  stripe 

A  fracture  of  a  lens  caused  by  a  sudden 
change  of  temperature  Is  known  as  a 

1.  chip 

2.  crack 

3.  notch  ^ 
4'.  scratch 

Veins  or  cords  running  through  the  glass 
are  called 


1.  strlaie 

2.  chips 

3.  scratches 

4.  cracks 


Which  of  these  defects  is  NOT  caused 
by  a  problem  with  the  glass? 

1,  Scratch 

2,  Crack 

3,  Blister 
,4.  Striae 


8-10. 


8-11, 


Bll8e«r«  la  Ittnuttii  m^y  bo  c.nimed  by 
wbicb  of  th«  following? 

1.  Poor  workmAniibip  in  comont^g 
loniivs 

2.  Cblpii 

3.  Cracks 

A.     D«f«cClv«  glasA  used  In  l*nH 
manufacture 

BAct«rtal  growth  can  cause  a  lena 
defect  known  as 

^1  titers 

2.  ataliTB 

3.  rings 

4.  bubbloa 


8-^12. 


8-13. 


14. 


8-f5, 


Laarnlng  Objective:  Recognize 
tbe  etagea^of  t^:^lng  an  optical  . 
ayatem  for  parallax,  collimatlon, 
Ima^e  fidelity,  and  ttstlgroatlsm.^ 
Textbook  pages  7-A  throuj^ 


8-16.    What  alxe  Ig  the  objective  In  a  pair 
of  7  X  50  binocular a?  , 

1.  1  1/A  in. 

2.  35  ran 

3.  1  l72  in. 
A,     50  ntn 

8-17.    Tlje  resolving  power  of  the  eye  la 
equal  to 

1^  1  minute  of  arc 
2.     2  'mlnutea  of  arc 

  3^* — 3-»inute»-of— are   -   

A.     A  minutes  of  a-tc 

8-18.    Why  is  It  better  to  uai&  a  high  magnifi- 
cation inatrument  If  you  are  going  to 
use  the  Instrument  for  a  Jong  time? 

1.  Hlgh-powor  instruments  are  free  of 
aberrations 

2.  Effects  of  eye  fatigue  will  be 
reduced  o 

3.  High-power  instruments  produce  a 
brighter  ima^# 

A.    A  wider  focusing  range  Is  available 


A  rapid  collimation  check.  j:;an  be 
obtained  with  the  aid  of  alkw 

1.  collimator 

2.  '  dynataotor 

3.  auxiliary  telescope 
A.     outside  target 

Lean  may  be  present  In  optical  instru- 
ments If  they  have 

1.  crosslines 

2.  lens-erecting  {lystems 

3.  ptiam-erectirtg  systems 

A.     para.llax  ^ 

The  clarity  and  accuracy  of  an  image 
piKxfiiced  by  an  optical  instrument  Is 
called  image 


8-19. 


8-20. 


1. 
2. 

a. 

A. 


fidelity 
tasting 

reproduction 
resofutlon 


The  reaol^^n  requiremjents  in  terms 
of  angle  ilFthe  field  for  the  telescopic^ 
alidade  ar^ 


1. 
2. 
3. 
4 


56 
40 
3« 
20 


Learning  Objective:    Indicate  the 
procedui^e  for  testing  an  optical 
system  for  astigmatism  and  other 
optical  defects.    Textbook  pages 
7-7  through  7-9.^ 


Wliat  Is  the  maximum  allowable  difference 
between  the  horizontal  &tA  vertical 
lines  for  th^  Instrument  being' tested? 


1.  0.60  diopters 

2.  0* 45  diopters 

3.  0.30  diopters 

4.  0. 15  diopters 


The^reaaoh  for  using  an  auxiliary 
telescope  during  an  astlgmatiiin  iwt 
is  that  the  auxiliary 


3. 


doubles  the  accuracy  of  the  teat 
multiplies  the  accuracy  of  the  test 
by  a  factor  equal  to  its  magnifi- 
cation 

compensates  for  any  aatigmatian) 
in  the  eyes  of  the  repairman 
increases  t^)e  accurflfcy  by  a  factor 
equal  to  the  square  of  Ita  power 


50. 


^5, 


ERIC 


What  !•  the  muxlmum  nl lovable  diopter 
difference  for  n  5-i)ow«r  nuxlltury 
til  t««copo? 


I. 
2. 
3. 
4. 


1.35 
2.40 
3.75 
5,40 


8-22,     How  do  you  check  an  optical  inatriimont 
for  flaroa  or  ghoatu? 

1.  Point   it  toward  a  small,  bright 
oh^isrr  agalnar  ff-rtirrk  bTrek^ground 
and  focua  sharpty 

2.  Adjust  the  auxiliary  toloRcope 
diopter  ring 

'      3,     Check  the  optical  surfaces  for 
close  tolerances 
4.     Sight  the  test  pattern  with  the 
Inat rumen t  to  be  tested 

8-23.     If  an  object  appears  brighter  when 
viewed' with  the  naked  eye  than  wfien 
viewed  with  a  telescope,   this  difference  # 
cotild  be  caused  by 

1.  changing  light  conditions 

2.  an  oil  film  on  the  optics 

3.  sharply  contrasting  areas  of  the 
target 

4.  excessive  light  transmission 


8-26.     The  firat  atep  ln\uiking  a  tool  la  to 


1.  maka^  sketch  to  ahow  exact  dlman-r 
alona  and  the  material  to  be  uaad 

2.  aecure  a  template  of  the  tool  to 
ba  made 

3.  transcribe  dlmenaions  from  a 
similar  tool 

4.  check  the  naehine  out  thoroughly 
on  which  the  tool  will  ^^1^^!^ 

To  remove  or  inatall  various  ty)^i|#^end 
sii:ea  of  retainer  rings,  a  p\n  Wi^ncb 
fir~de8lgned  tfo  ^ 


8-27, 


8-28. 


8-29, 


Learning  Objective;  Identify 
the  skills  and  tools  needed  to 
oVejpkaul  and  repair  optical 
instruments.    Textbook  pages 
7-9  through  7^1^^ 


8-30. 


8-\24.    A  fingerprint  is  especially  trouble^ 
s<j|be  on  an  optic  because  it 

1.  reduces  light  transmission 

2.  ia  hard  to  remove 
3*  will  etch  the  glass 
4.  distort^  images 

8-25.    The  ohoat  critical  tools  used  in  optical 
repair  work  arte  those  clasaified  aa 

^.  expensive  i 

2.  precision  * 

3.  handtoola 

4.  special  tbols 


8-31. 


1.  be  adjustable 

2.  have  interchangeable  tips 

3.  grip  the  outer  surface  of  the  ting  \ 

4.  function  without  slipping 

Which  of  these  casualties  could  result 
from  improper  use  of  a  pin  wrench? 

1.  Damaged  optics 

2.  Burred  threads 

3.  Stripped  retainer  ring  slots 

4.  All  of  the  above 

Proper  use  of  a  grip  wrench  requires 
you  to 

1.  select:  a  ai«e  that  will  be  a  force 
fit 

2.  squeeze  the  wrench  as  much  aa 
possible  to  remove  a  part 

3.  place  the  wrench  6n  ^  reinforced 
tube  section  when  possible 

4.  forc<*  it  t>nto  the  part,  to  be  turned 

Which  of  these  tools  can  be  used  only 
for  a  specific  task? 

1,  Bench  block 

2,  Hinge  pin  puller 

3.  Grip  wrench 

4.  Pin  wrench 

A  lens  cell  that  has  64  threads  per 
inch  and  Is  1/2  ihdh  deep  has  burred 
threads  which  can  be  restored  by  uaing 

1.  lapping  cotupound 

2.  a  32-pltch  inside  thread  chaaer 

3.  a  64^pltch  outside  thread  chas«r 

4.  a  64-pltch  ir^side  thread  chaaer 
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ThTMd  cluifl«ir  ii«til  ar«  avallabU  in 
•  IsM  frooi 

1.  5  thrMda  to  20^  t)[jr««d»  per  Inch 

2.  8  thr«adfl  to  40  thr««d«  p*r  Inch 

3.  ^  thr«tadfl  to  80  throadii  per  Inch 

4.  4  thr««dfl  to  80  threads  par  inch 

Tha  oiitalda  tad  acala  of  tha  Cenava 
lana  meaaiira  la  graduatii^d  to  road 

!•     countarclockwlaa  In  quarters  from 

0  to  +17  dloptara 
2^^^  clockviaa-  4.tv-quartara  f-r-oai  0  to* 

+17  dloptara 

3.  countarclockwlaa  In  quarters  from 
0  to  -17  diopters 

4.  clockvlae  In  quartera  from  0  to 
-17  diopters  . 

A  cro%m  glaas  lena  has  one  surface 
reading  +9  and  the  other  reading  -3 
as  obtained  with  a  Geneva  lena  measure. 
What  is  the  dioptric  value  of  the  Ifens? 

1,  +6  ♦ 

2,  +12 

3.  -6 

4.  -12 

The  dioptric  strength  of  ontf.lena  is 
+1.46  and  the  other  lens  has  a 
dioptric  strength  of  -1,46.     Wl^at  is 
the  total  dioptric  strength ^of  the 
lana? 

1.  0.-87^ 

2.  0.66 

3.  4.64  * 

4.  4.11 

What  is  the  sum  of  +8  plus  -8? 

1.  0 

2.  -8 

3.  +8 

4.  :  16 


Learning  Objactlvei     Indicate  ^the 
procedure  for  disaaaembllng  optical 
i4>«trumenta.    Textbook  pages  7^14 
through  7-18. 


8-37.  'You  are  preparing  to  dlaaaaarabla  mj^ 

Inatniment  that  contalna  3  pal  internal 
praaaurst    What  ia  the  correct  sequence? 

1.     Prepare  the  work  apace,  clean  the 
outside  of  the  instrument,  and 
ralaaaa  gao  praasiire 
^  2.     Prepare  the  work  apace,  follow  the 
diaaaaambly  procedure,  and  perform 
casualty  analyala 

3,  Reduce  gas  proasure,  clean  tho 
instrument,  and  prepare  the  work 
space 

4,  aiaan  the  outside  o^f  the-inatrument-i- 
prepare  the  work  space,  and  uae 

gas  pressure  to  break  the  seal  of 
the  instrument 

8-38.    Whan  dlaaasembllng  an  optical  instru- 
ment, what  should  you  do  M  you  find 
missing  assembly  marks? 

1.  Get  another  part  with  the  assembly 
mark  on  it 

2.  Hake  appropriate  marks  of  your  own 

3.  Continue  disassembling  and  ma»k 
when  you  begin  assembly 

4.  Check  the  factory  manual  for  the 
next  step 

8-39.    What  should  you  use  to  mark  the  function 
of  the  optical  element? 

1.  Hard-lead  pencil  or  an  Instant- 
drying  marking  pen 

2.  Soft'^lead  pencil  or  an  inat ant- 
drying  wrklng  pen 

3.  Hard-l«ad  pencil  or  a  slow-drying 
A               marking  pan 

4.  Soft'T-lead  pencil  pr  a  slow-drying 
y  ijaftclng  pen 

8-40.    While  dlaassambllng  an  unfamiliar 
Mnstrumant,  you  feel  that  markings 
on  the  edge  of  the  lens  do  not  match 
the  cor  met  placement  of  that  lens. 
What  should  you  do? 

1.  Study  the  optical  diagram  for^th^t 
Instrument 

2.  Uae  a  Ganava  lena  measure  to  compare 
feadlnga  you  make  with  the  optical*^ 
dlagrlicD 

3.  Both  1  and  2  above  '  *  . 

4.  Make  your  own  markings  on  the  edge 
of  the  lens 


8-42. 


8- A3. 


8-AA. 


8-A5. 


8- 46, 


Which  of  th«sc  comblorttlonii  of  motrtln 
will  cmifle  an  Optlcalnuin  t\\o  mofit 
trouble  rtt  <Us^i»««mbly? 

li  Stettl  and  Btcol 

2.  Aluminum  anci  aluminum 

).  Aluminum  and  »tool 

4.  Alumlnnm  and  brawB 

Wltnt  lubrlcjint  shpuld  you  use  x^o  looaon 
frozen  parts  in  optical  injitrumontM? 

1.  )0W  oM 

2.  TO-IDW^  olT         ^  -  - 

3.  Vasollno 

4.  Penetrating  otl 

If  mechanical  components  of  an  Inatru- 
mant  will  not  acparatc  after  you  have 
uaed  heat,   tapping*   or  penetrating  oil. 
what  should  you  do  next? 


8-4  7. 


8-48. 


Canada  balnam  that  cement  a  the  elsimantt 

of  compound  lena«\^  together  la  aoftened 
at  a  t«mpar«tur«  of 

1.  90**  to  105^F 

2.  105'  to  120'F  . 

3.  125*  to  140"F 

4.  140*  to  160> 

Wliicii  of  the  following  materials  should 
be  uaed  to  protect  a  lono  removed  from 
ItB  mount? 


i. 

2. 
3. 
4. 


Support  the  instrument  and  uao 
Impact 

Cut  or  break  the  least  expensive  \ 
components  away  -  / 

Apply  more  pone t rating  oil  an^j^jtB 
Impact  )^ 
Oee  more  lieat  and  apply  a  «teadlly 
Increasing  pressure 


You  can  soften  shellac  on  the  threads 
of  the  mount  and  the  edge  pf  the  ring 
with 

1.  lacquer  thinner  or  alcohol 

2.  alcohol  or  penetrating  oil^ 

3.  penetrating  oil  or  lac(^uer  ^  thinner 

4.  aokp  Holutlon  or  alcohol 

the  retainer  rings  and  lona  mount^  of 
an  optical  Instrument  may  be  difficult 
to  remove  because  of  w!)lch  of  the 
following  factors? 

1.  Threads  being  frozen  in  place 

2.  Setscrews  hidden  by  sealing 
compound 

3.  Setscrews  with  stripped  slots 
A.     All  of  the  above  problems 

*$ince  uneven  pressure  can  shear 
cemented  optical  elements  apart*  how 
should  you  remove  a  compound  lens  from 
Its  mount? 

I.     By  use  of  penetrating  oil 
By  use  of  heat 


I. 

2. 
3, 
4. 


Newsprint 
Lens  tissue 
Paper  toweling 
Light  lor  oiled  clotH| 


8-49. 


8-50, 


8-52. 


By  ft  combination  of  h€5at  and 
pressure 

By  using  a  lens  chuck  and  cleat^ing 
holder 


Wlien  you  cannot  push  a  lens  out  from 
the  back*  what  should  you  use  to  grip 
the  lens? 

1.  Small  tweezers 

2.  Small  suction  cup 

3.  Scotch  tape 
4'.     Adhesive  tape 

How  shout^  you  loosen  a  cocked  lens? 

1 .  Untwist  the  lens 

2.  Hoat  the  lens  and  then  remove  the 
twist    .  ^ 

Tap  lightly  on  the  edge  of  the 
mount  on  th>  side  where  it  is 
stuck 

4.  Tap  lightly  on  the  edge  of  the 
mount  opposite  the  side  where  it 
is  stuck 


Learning  Objective:  Recogniz^^^'he"^'' 
procedure  used  to  repair  optical 
instruments •    Textbook  pages  7-18 
through  7-21. 


8-51.  ifll^ter  disassembly,  which  of  the  follow- 
ing should  be  done  first  in  overhauling 
an  optical  instrument? 

1*    l5lentify  all  parts 

2.  Clean  the  mechanical  parts  * 

3.  ,  Fill  out  a  casualty  analysis  sheet 

4.  Clean  th^  optical  parts 


If  your  shop  does  not  hsM^f  a  cleaning 
machine,  what  should  you  use  to  clean 
mechanical  instrument  parts? 

1.  A  floft-brlstled  btush 

2*  A  hardr^bristled  brush 

3 .  A  hurd'  tag 

4.  A  soft  rag 
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8-5 J.     Which  of  tli«j  following  U  NOT  t\  ropiilr 
CiitojJiory  for  liiMtrumont  pnrta? 

l«  I3ci»il|j(n  ixi   nc^w  |)HrtN 

^.  Htipttir  oT  oil!  par tr.H 

K  IJiiu  of  a  now  part  from  ntork 

/*.  Making  nni!  lot  lttlnK  fi  now  part 


8-5/1. 


8-55. 


8-56. 


8-57. 


8-58, 


riio  bluopt  lnt  fur  an  Instrumont 
Bpcirlfloa  a  /4-A8  screw  In  a  cortnln 
location.     tf  the  tapped  hoU>  In  badly 
damag«i!,  wliat  alum  Id  you  do? 

I,     Porto  a  S-^/*/*  8crw  In  the  holo 
I.     CU>an  tlitf  tiirtiadH  wltii  a  5~A/|  tap 

and  solder  th«  screw  on  tho  hole 
3,     PUiR  tliG  IioIg»  B9lder  tho  plug, 

and  then  drill  and  retap  to  4~/*8 
,     Drill   tlio  ho  lb 'and  rotof)  to  two 

or  throf  jU/.oit  larger 

What   la  tho  fLrMt  thing  you  should  try 
to  do  whoi\  you  have  to    make  a  new 
part? 

1,  Kind  the  bluiiprlnt 

2,  Use  tho  old  part  "a.s  a  Siimple 

).    Match  the  material  of  tho  old  part 
A.     Use  the  material  specified  on  the 
blueprint 

If  you  c/hnnot  find  the  cause  for  u 
malfunctioning  part,  what  should  you 
do  first? 

1.  Make  a  trial  assembly 

2.  Clean  the  mating  jjarts 

3.  Check  for  proper  cloaranco 
A.    Check  for'  Improper  assembly 

Tf  there  la  not  enough  clearance  on  a 
tapered  sleeve  hearing,  you  sliould 
first 


8-59.     To  r«moV«t  excuss  m«t«l  from  a  nlldlng- 
surfactt  bearing,  what  kind  of  motion 
nhovild  you»u««  to  rub  n  mixture  of 
pumlco  and  clock  0(1  on  the  bearing? 

1,  Straight  up  and  down 

2,  Circular 

3-     Kectangul  ur 

A.     Swooping  flguro-olght 


I. 

2. 
3. 
4. 


put  a  solution  of  pumice  and  clock 
oil  on  the  part 

work  the  parts  back  and  forth/ 
disassemble  the  parts  ^ 
lubricate  the  parts  wltlv  the  proper 
lubricant 


Prussian  blue  Is  used  by  an  Optlcalman 
to 

1.  lap  In  binding  parts 

2.  find  high  spots  oh  bearlngsi. 

3.  »  lubrlcAte  tight  bearings 

4.  remove  corrosion  from  bearing 
{Surfaces 


Learning  Objoctlvo:     Identify  the 
LiiiikA  ill  Joining  matala  b^y  aoldari^hg 
and  brazing.     Textbook  pages  7-21 
through  7--24. 


9-60.     Which  of  the  following  publications 
offers  detailed  stops  for  soft 
soldering? 

1.  Tools  and  Their  Uses,  NAVEDTRA" 
10085  Series 

2.  Blueprint  Reading  and  Sketching, 
NAVEDTRA  10077  Series 

3.  Basic  Macliinea*  NAVEDTRA  91230 
Series 

4.  Basic  Military  Requirements, 
NAVEDTRA  10054-D  Series 

8-61.     What  Is  the  most  critical  part  of 
silver  soldering  and  brazing? 

1.  ITie  tip  usod 

2.  Ilic  control  of  heat 

3.  Wliere  to  apply  lieat 

4.  How  to  apply  heat 

8-62.     What  size  soldering  tip  Is  used  for 
heating  large  areas? 

1.  Medium  bulb  or  medium  velocity 

2.  Bulbous  or  low  velocity 

3.  -Swaged  or  high  velocity 

4.  Bulbous  or  high  velocity 

8--63.    Why  does  copper  require  a  longer 
application  of  heat  than  steel?  ^ 


1. 


Molecules  are  closer  together  In 
copper 

Molecules  are  farther  apart  In 
copper 

Heat  flows  from  copper  more  quickly 
Heat  flows  Into  copper  more  quickly 
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8--6A,     A  flMX  U80d  for  brnzlng^or  iillvor  H~-67. 
etol(1«rtng  Mcrvert  to 

1.  reduce  Lh^  amuuiit  ot  h«at  required 
to  Join  th«i  pnrti? 

2.  form  oxL(;!o9  whicli  aid  the  HoVtor!i)^ 
or  brazing  p roc «i8B 

3.  prav«T^  thto  fornwtlon  of  oxldOH 
which  mrty  hinder  thi?  Joining  of  f 

A.     cittan  parts  to  b«  toln«d  by  8-68. 
braxlng  or  8Mvc?r  »old«rlng 

"8-^5.    ai9t  troi^  c'wp<Ti\eT>rff  cnn  bo  joined  by 


If  two  piocQii  of  motnl  contact  onch 
other,  yon  can  l\oat  them  botli  by 
applying  l^out  to  ono  of  thorn.  .Tl\« 
second  piece  of  metal  1h  heutua  by 

1.  convection 

2,  conduct  Ion 
'3.     radlat  Ion 

A.  polarixntion 

In  tlie  Btlck-food  motliod,  what 
dutormineei  wtien  botli  parts  arc 
properly  lieatod  and  when  to  food 
fheTnior  raotal? 


1.  silver  soldering  only 

2.  braiding  or  allver  aolderlng  only 

3.  brazing,  allvor  soldering,  or 
oof t  BO Ider Ing 

A.     braxlng  only 

8-66.     Flvix  ahould  be  applied  to  the  joint 
area  a»  »oon 

1.  the  base  metal  bocomofr  rod  hot 

2.  the  filler  metal  atarfs  to  melt 

3.  the  Joint  area  aurfaceB  have  been 
cleaned  ^  * 

A.     the  Joint  in  hot  enough  to  melt 
«   the  flux 


1 .  A  meter 

2.  The  color  of  the  metals 
1.  At Imor 

A,  llio  Judgment  of  the  worker 

8-69.     Wluu  wjll  overheating  do  In  the  etlck- 
feed  method? 

1.  Flush  the  Joint 

2,  Drive  the  flux  back  In 
U     Bun\  out  the  flux 

A.     Remove  the  flux  residue 
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Assignment  9 


M^lntwaace  Procoanros  -  Part  I  (Cont  Inuod ) 
TMtbook  Assignment  :     Pages  7-^2^  through  7-35 


Learning  Objective:     tdontlfy  thii 
types  of  metala  and  the  properties 
of  metals.     Textbook  pages  7~2A 
through  7-2  7. 


Pig  Iron  fails  into  which  of  the  two 
general  ciaasi f icat Ions  of  motnlB? 

1.  Ferrous 

2.  Nonferrous 

3.  Cast  ^ 
A,  Structural 

9-2,    The  physical  properties  of  a  metal 
Include 

1.    weight,  electrical  resistance,  and 
corrosion  resistance 
-2.    magnetic  influence,  conduction,,  and 
density 

3.    color,  wear  resistance,  and  reaction 
to  ctieroicals 
,     4.    elastic  conductivity,  weight,  and 
magnetic  influence  ' 


In  Itssis  9-3  through  9-6  match  the  description 
of  the  metil  in  column  k  with  the  property  of 
thm  metal  in  column  B. 


A.  DMcription 

B, 

Property  of 
Metal 

9-3. 

Ability  to  be  drawn 
into  wire 

1. 

Ductility 

Resistance  to 

2. 

Hardness 

•cratchini^,  denting, 
end  cutting 

3, 

Malleability 

9-5. 

Ability  ^o  be  rollfd 
Intb  sheets 

-  4, 

Toughness 

»-6, 

Resls/ence  to  shock 
loading 

9-7,  •  Which  property  of  a  metal  resists 
forces  that  tend  to  pull  it  apart? 

Mei^  1 .  Toughness 

2,  Tensile  strength 

3,  Hardnes^ 

4,  Ductile 3  strength 

9-8,     Wiilch  property  of  metal  protects  against 
effects  of  air? 

1,  Ductility 

2,  Tensile  strength 

3,  Malleability 

4*.    Corrosion  resistance 

9-9,     Any  Iron  in  which  the  carbon  content 
exceeds  1.7%l8  called 

1.  pig  iron' 

2,  cast  iron 

3.  ingot  Iro^i 

4,  wrought  iron 

9-10,    Cast  iron  has  high 

1 .  compressive  strength 

2.  ductility 

^3,    malleabifity  .  - 

4 .     Impact  ♦strength 

9-11.    What  is  the  source  of  steel? 

1.  Cast  iron 

2.  Pig  iron 

3.  Ingot  iron 

4 .  Wrought  Iroft 

,0  ■  ■ 

9-12,    What  kind  of  steel  1^  used  when  struc-* 
tural  strength#is  of  little  matter? 

1.  Mild 

2.  Medium 

3,  Stainless      '  . 

4,  Special  treated 


\ 
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9~l  ).    What  ktnd  of  «t«oL   In  gonorally 

tlortlgnrttml  by  n  pcrroi>trtgo  of  chromium 
and  nIckoL? 

1.  Mild' 

2.  Medium 

).  StrtlnL«H6 

^1.    SpocUl  t  rented 

9-l/i,    Whnt   1h  thu  m/iln  Ingredient   (i\  Mono!? 

1.  Nickel 

2.  Copper 

4.  Ip^n     

9-13.     An  ttccoptnblc  substitute  for  Hteel  under 
corro.slve  contUtlons  la 

1 .  bronze 

2 .  ^  braaa 
1.    Mono  I 

^» .     a  lumlnvim 


9-19.    Which  of  thoHtt  ailoyn  r«qulr«9  the 
hlghoHt  nnnoallng'  tumporaturo? 

1.  Nlckal  chromium 

2.  Copper » 

3.  Cant  Iron 
^» .  Aluminum 


9-20. 


9-21, 


Learning  Ob)ectlve:     Recognlr.o  the 
types  of  heatt renting,  such  aa 
annealing,  normalizing,  hardening, 
tempering^  and  dtrena  relieving. 
Text'book  pt^oa  7-27  through  7-29. 


9-16, 


Other  than  alloying,  what  process  is 
used  to  Improve  a  physical  or  mechanical 
property  of  a  metaj.? 


Mold  log 
Heat  treatment 
Purifying 
Mach In  Ing 


9-17.    Which  of  these  metals  can  NOT  be 
tempered? 

1.  Carbon  steel 

2.  Wrought  iron 

3.  Ingot  iron 
4 »  Copper 


How  does  normalljiing  differ  from  anneal- 
ing? 

f 

1.  Natmallxing  is  for  almost  all  metals 

2.  ^lealing  Ih  for  ferrous  metals  alone 

alone 

A.    Annealing  is  for  almost  all  metals 

Wl\en  a  high  carbon  steel  la  to  be 
hardened,  wlUch  of  these  heattrcating  ' 
processes  should  he  applied  first? 


1.  Annealing 

2.  Cooling  ^ 

3.  Tempering 
^4.  Normally  ing 

What  treatment 
heated ,  soaked 
air? 


requires  that  metal  be 
»  and  slowly  cooled  In 


1. 
2, 
3. 


Annealing 
NormAlizlng 
Hardening 
Tempering 


9-23.     When  steel  Is  cooled  more  rapidly  than 
specified,  there  Is  a  risk  of 

1.  destroying  the  alloying  elements 

2.  overheating  the  quenching  medium 
3«    annealing  the  steel 

^«  •    cracking  the  steel 

9-2A.    To  be  hardened,  plain  carbon  steel  has 
to  be  cooled  from  red  hot  to  a  tempera- 
ture of  less  thajfi  lOOO^F  in  less  than 
,    1  second.    What  is  done  to  increase  the 
time? 


9-18.    What  are  the  most  Important  factors  of 
heat  treatment? 

1.  Time  and  temperature 

2.  Purity  and  time 

3.  Atmoaphere  and  time 

4.  Temperature  and  oxygen  content 


1.  Water  it  used  at  a  quenching  medium 

2.  Oil  is  used  as  a  quenching  medium 

3.  Alloys  ar«  added  to  the  steel 

4.  Temperatures  of  the  quenching 
mediums  are  changed 

9-25<5v  The  process  of  reducing  the  brittleness 
produced  during  a  hardening  operation  is 
called  either  tempering  or 


1.    stress  relieving 
carburizlng 

3 .  normalizing 

4.  ^  drawing 
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t  r«jit««m; 


9-26.     In  which  h«at  tr«jit«#M;  nr«  tttmperatu 
b«low  th#  r«d  hot  point? 

1.  Tampering 

2.  Ann«iiiing  * 

3.  Normai icing 
4       A.  Hardtntng 


9-27.    What  la  tha  diffaranca,  if  any^  batwaan 
tamparing  and  toughanlng? 

L.     Toughanlng  la  dona  at  lower  tampara- 
turaa  than  tamparing 

2.  Tamparaturaa  uaad  for  toughening 
are  aligT^tly  higfiar  titan  tlioae 
uaad  for  tamparing 

3.  Toughening  requires  heat  and.,  

hammering  ^ 

A»     There  la  no  difference 

9-28.    What  phyalcai  property  of  metal  la 
aacrlflced   In  tempering? 

i*  Brittianeaa 

2 .  Hardaeaa 

3.  Toughneaa 

A.  Ductility 

9-29.    Which  of  theae  toola  requires  the  highest 
tampering  temperature? 

1.  Drift  pins  and  punches 

2.  Twist  driiia 

3.  Tape  and  dies 

A.    MacThlne  tutting  tools 

9-30.    What  i<  the  aequence  of  steps  uaed  in 
hardening  and  tempering  chisels? 

!•  Harden »  quanch^i  poliahi  and  temper 

2.  Poliahi  hard an  I  quench »  and  tamper 

3.  Tamper,  quench,  poliah,  and  harden 
A.  Quench »  hardan,  poliah,  jind  temper 

9-31.     If  a  chiaal  la  unmarked,  what  is  a 
reaaonaj^le  assumption? 

1.  It  la  made  from  apecial  alloys  , 

2.  It  la  oil -hardened 
3«    It  la  watar^-hardanad 

A*     It  doaa  not  have  to  be  tamper^ 

9-32/*  In  atreaa  relieving,  what  la  the  top 
cooling  rat^  per  hour  for  any  metal? 

1,  ^  250*F 

2.  200*P 

4i;  AOO'F 


9-33.     In  atreaa  relieving,,  how  does  the 

heating  rate  compare  with  the  cooling 
rate? 

1.  Th«  cooling  fate  la  laaa  than 
pne-hdilf  the  heating  rate 

2.  The  heating  rate  is  laaa 'than 
one-half  the  cooling  rate 

3.  The  cooling  and  heating  ratee  are 
the  same  for  the  first  hour  of 
treatment 

A.    The  cooling  rate  is  always  faater 
than  the  heating  rate 

9-3A.    Which  of  those  metals  requires  the 

highest  temperature  In  stress  relieving? 

1.  Stainless  steel 

2.  Mohel 

3.  Chromium-molybdenum  steel 
A.     Carbon-molybdenum  steel 

^  ^  .  ,  

Learning  Objective:     Identify  the 
steps  in  cleaning  optical  instru- 
.   menta  before  they  are  painted,  and 
the  aafety  precautiona  used  with 
chemicals  necessary  to  the  cleaning 
proceaaea.    Textbook  pagea  7^29 
through  7-32. 


9-35. 


■I 


If  mechanical  parts  of  an  instrument  are 
NOT  thoroughly  cleaned  and  corroalon  free 
before  painting,  what  will  happen  to  the 
paint?  ( 


1»    The  pal,nt  will  not  dry  \ 

2.  The  palilt  will  dry  too  rapidly 

3.  The  paint,  will  not  adhere  to  the 
parts  \ 

A.    Tha  paint  wjM.1  cover  any  defective 
areas 

9-36,    Corroalon  can  be  removed  from  steel  by  a 

i.  hot  sulfuric  acid  aolution 

2 4  warm  aulfurlc  acid  aolution 

3.  warm  lOZ  lye  aolution 

A.  conDercial  paint  ramover 

9-37.    If  bright  apot^  are  on  brass  parts 

before  corroalon  Vepoval,  what  la  the 
probable  cause?  ^ 

1.  The  part ^  had  been  dipped  in  a  lye 
aolution  ' 

2.  The  parte  had  been  protected  with 
paint  remover 

3.  Tha  parte  had  been  protected  with 
clear  lacquer 

A.    The  parte  had  been  dipped  in  an  acid 
aolut  ion 
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9-38.  Cc^rrosion  r«aiov«L  compound •  ihouid  NOT 
b«  ua«d  to  r«mov<^  corronlpn  from  which 
of  th«  following  piirts? 

1.  LArg«  cAtclngt 

2.  Small  pollshiKl  parts 

3.  Aluminum  housings 
A.  Bearing  nurfacaa 

9-39.     Vftian  using  a  pow«r-drlv«n  wlrs  brush, 
always  wear 


9-4A. 


1, 
2. 
3. 


glasses 

glovdii 
goggl«s 
ear  plugs 


9-45, 


9-AO. 


Wl\l<;h  of  the  following  methods  Is  th^ 
proper  u»e  of  a  buffing  whesl? 


1.  Use  light  pressure,  a  polishing 
compound,  and" a  steady  movement 

2.  Use  small  pieces,  a  grinding 
compound,  and  a  heavy  pressure 

3.  Use  little  movement,  a  low  speed, 
and  a  polishing  compound 

A.    Use  high  tc^mperatures ,  fa#t  speeds, 
and  small  pieces 

9-41.     A  fine,  hand  held  wire  brush  is 

especially  useful  for  removing  * 
corrosion  from 

1.  painted  surfaces 

2,  delicate  parts 

3.  outside . edges  ^ 

4,  rough  casting 

9-42.    What  should  you  do  to  put  a  high  polish 
on  a  small,  round  instrument  part? 


Place  the  part  In  a  padded  vise  and 
use  fine  emery  cloth  to  polish  the 
part 

Hold  the  part  in  your  band  and  use 
a  buffing  wheel 

Place  the  part  In  a  lathe  collet 
and  use  fine  sakidpaper 
Place  the  part  i^  a  lathe  collet \ 
and  use  crocus  cloth  \ 


9-47. 


9-4 


Vrtiat  precaution  should  you  observe  when 
diluting  acids? 


1, 
2. 
3. 


Pour  acid  and  water  togutht^r  into 

a  separate  container 

Add  water  to  acid  slowly  with  an 

eyedropper 

Pour  acid  Into  the  water  slowly 
Heat  the  acid  to  the  boiling  point 
and  then  add  water 


VrtUch  of  these  statements  applies 
acids  and  bases? 

1.  Acids  and  bases  neutralize  each  other 

2.  Acids  can  burn  your  skin  while  bases 
are  safe  to  handle 

3.  Lime  water  will  neutralise  any 
alkali 

4.  Vinegar  la  an  effective  eyewash  for 
acid  burns 


9-46.    What  does  an  emetic  do? 

1.  Makes  you  vomit 

2.  Makes  you  cry 

3.  Hakes  you  resume  breathing 
^  4.  Makes  you  sweat 


4. 


9-43.    Which  of  these  statements  about  the  use 
of  cheeticals  in  an  optical  shop  is/are 
true? 

1 .  Chetticals  shoul4  be  considered 
dangerous 

2.  Proper  attention  to  safety  pre- 
cautions can  prevent  injury 

3.  Even  If  you  are  familiar  with  a 
certain  chemical »  you  should  read 
the  directions  for  Its  use 

4-    All  of  the  above 


Wh|it\l8  a  fast,  qaually  available,  easy 
to,  remember  emetic  for  acetic  acid? 

1.  A\ tablespoon  of  srilt  In  a) glass  of 
w^ter  ^ 

2.  Ajhy  amount  of  vinegar  and  water 

3 .  Soap  / 

4.  Alkali 

Milk  is  a  good  antidote*  for  which  of 
the  following  types  of  poisoning?  ' 

1.  Denatured  alcoholic  and  alkdlles 

2.  Acetic  acid 

3.  Nitric  acid 

4.  Hydrochloric  and  phosphoric  acid 


Learning  Objective:     Identify  the 
procedures  used  to  prepi|re  surfaces 
for  painting,  such  as  paint  removal; 
indicate  the  types  of  paint  an 
Optlcalman  needs  to  know «and  the 
Steps  of  prepaVing  paint  for  use, 
the  steps  of  painting  optical 
Instruments,  and  the  baking 
i^rocedure.    Textbook  pages  7-32 
through  7-35. 
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9-49. 


/  ■ 

Aftttr  usiiiK  A  commarclai  pAlitt  r«mov4}r^ 
whynhoMld  you  no  rub  rt  pnrtiwlth  strong^ 
•o«p  and  water?  / 


9-55,  Wh«n  paint  la  thoroughly  stirrini  prior 
to  painting,  you  can  exp«ct  the  finlnh 
to  be 


9-51, 


9-52, 


9-53. 


9-54. 


ERIC 


1.  To  remove  crAce*  of  ^jolvent  from 
holes  or  cornkx;*^ 

2.  To  remove  all  trnceft  of  pnlnt  Loft 
on  ttie  part 

3.  To  rough  up  the  aurface  of  the  part 
A.     To  remove  any  waxyreaiduo  from  the 

part 

What  type  of  paint   is  uacd  on  eyepiece 
focualng  rings? 

1.  Dull»  flAt  paint 

2.  Wrlnkle-f inLah  paint 

3.  Semlgloaa  paint 

4.  High  glo8»  paLnt 

If  It  la  neceasary  to  paint  the  Inside 
of  an  instrument,  what,  type  of  paint 
ahould  you  use? 

1.  Fiat  black  enamel 

2.  Semlgloss  enamel 

3.  Black  wrinkle 

4.  Gloesy  enamel  or  Lacquer 

Why  aJiQuld  you  NEVER  cover  enamel  with 
lacquer? 

1.  The  mixture  brings  on  corrosion 

2.  The  two  serve  the  same  purpoae 

3.  Lacquer  Loosens  enamci  and  makes 
it  blister 

A .     Enamel  Loosens  Lacquer  and  makes 
It  bilster 

What  la  the  outstanding  feature  of 
Lacquers? 

1.  They  are  abundant 

2.  They  are  economical 

3.  They  are  durable 

4.  They  are  quick  drying 

When  preparing  paint  for  spraying*  you 
can  avoid  the  possibility  of  lumps  or 
dirt  by 

1.  stirring  the  paint  thoroughly 

2.  allowing  the  paint  to  settle  befoVe 
spraying 

3.  straining  the  paint  before  putting 
tt  In  the  spray  gun 

4.  discarding  leftover  paint  to  avoid 
contamlnAt  ion 


9-60. 


1.  durable 

2.  uniformly  rough 

3.  evenly  colored 

4.  too  thin 

9-^56 ,     Pliint  and  thinner  stored  In  a  aultable 
locker  should  bo  kept  at  temperatures 
between 

.     1,  .  75*  and  3Q!L_  .   ..      ._  .... 

2.  100"  and  32^F 

3.  95**  and  0**K 

4.  95**  aiKl  35^F 

9-57,     What  Is  the  primary  reason  lor  painting 
external  metal  parts  of  optical 
instruments? 

L.  To  kill  reflections 

2.  To  control  refractions 

3.  To  protect  from  rust  and  corrosion 

4.  To  Improve  appearance 

9-58.     Wlien  a  spray  gun  Is  covered  with  old 
paint  ,  what  should  you  do? 


2. 


Coat  ail  surfaces  with  paint  femover 
and  then  rinse  and  dry  the  gun 
Soak  the  gun  In  lacquer  thlt^ner  and 
clean  the  gaskets  with  paint  remover 
Lubricate  the  gaskets  and  thin  the 
paint 

IJse  lacquer  thinner  on  the  gaskets 
and  paint  remover  on  the  mettal 
part 


9-59.     Small  Instrument  parts  arc  te^t  painted 
by  adjusting  the  spray  to  provide  a 


1* 
2. 

3. 
4. 


dense  cone  spray 

fine  horizontal  fan  ^pray 

light  cone  apray 

dende  vertical  fan  spray 
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What  way  of  using  the  spray  gun  will 
result  in  a  good-looking,  durable  paint 

Job?  / 

1.  Use  a  vertical  fan,  spray,  hold  the 
gun  10  inches  from  the  work>  and  be 
careful  not  to  overlap  the  paint 

2.  Use  a  cone-*8h^ped  spray,  hold  th* 
gun  10  inches  from  the  work,  and 
paint  the  edges  first 

3.  Adjust  the  spray  to  suit  the  shape 
and  size  of  the  vork»  hold  the  gun 
10  inches  from  the  work,  and  move 
slowly  to  assure  a  heavy  first  coat  - 

4.  Adjust  the  spray  to  nMt  the  shape 
and  si^e  of  the  work>  hold  the  gun 

10  inches  from  the  work,  and  cover  the 
preceding  l^p  with  half  the  next  lap 


I- 


9-61.     U\\^ii  fll)oiiLd  A  aprAy  gnn  be  c loaned? 

1.  B«for«  «tarting  the  day's  work 

2.  Aftor  the  Lant  imc  for  the  d«y 
1.  Aftwr  each  person  vi»e«  tho  gun 
A.  Whenever  the  peint  cup  ie  empty 

9-62,     A  gobd  rule  of  thumb  for  buklng  paint 
U  to  bake  for 

1.  3  hour«  at  250*F 

2.  ^{  hour»  at  200*F 

3.  •2  1/2  hours  at  250**F 
.  3  houm  at  350*K 

9-63.     What   l«  the  function  of  monofili? 

L.     to  make  masking  tape  eaaler  to 
ifcmove  after  baling 

2.  to  make  masking  tape  stick  better 
ciuctng  baking 

3.  To  fill  in  ami  accentuate  engraved 
index  lines  and  numbers 

.     to  Improve  the  appearance  of  the- 
paint  after  baking 

9-64.  Which  of  the  following  is  the  most 
likely  cause  for  a  paint  finish  to 
refuse  to  dry?  v 

1.  Paint  too  thin 

2.  Paint  too  lumpy 

^  3,     Spray  gun  or  air  line  dirty 

A.     Oil  or  grease  In  the  spray  gun 
air  supply 


9-1^5. 


9-66. 


9-.^f . 


9-68. 


If  your  paint  finish  has  circular 
markings,  what  la  tho  probable  causJ? 


I. 


A  ttpray  too  fine 
Air  iji  the  airhose 

3,  Water  In  tho  alrhose 

4.  A  cjirty  spraygun  or  airline 

A  grdlny  finish  on  a  painted  instrument 
indicates  that 


I  he 


1,  A  lap  had  started  to  dry  b,eforc 
next  lorp  was  sprayed  V 

2,  the  gun  was  top  close  to  the  worl 

3,  dirt  or  lihfc  was  on  the  work 
A,     the  spray  was  too  fine 


A.  sagging  paint  finish  is  generally 
caused  by 

1.  thinning  the  paint  toQ  much 

2.  oil  on  the  work 

3.  moving  the  gun  too  slowly 
A.     lumps  in  the  paint 

Ail  EXCEPT  which  of  the  following  f Jctors 
could  cause  a  paint  finish  to  show  4n 
orange-peel  effect? 

1.  Paint  was  too  thick 

2.  Paint  was  too  thin 

3,  Spray  was  too  fine 

4,  Gun  wafi  held  too  far  from  the  ^rk 
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Assignment  10 


Textbook  Assignment  t     P/igos  7-35  through  8~12 


Learning  Objective:     Recognize  tho 
proper  materials  and  techniques 
for  cleaning  and  cementing  iendos. 
Textbook  pageif  7-35  through  7-40. 


 ,  

lO-l.     What   la  selvyt  cloth  used  for? 

1.  Cleaning  optics 

2.  Lubricating  mechanical  gear 

3.  Spraying  equipment 


10-2. 


10-3, 


10-4, 


4 .     Touchup  work 

Why  should  you  make  your  own  swabs 
rather  than  use  the  already  made  Q-tlps? 


I, 
2, 

•3, 
4. 


Q~tip8  are  too  expensive 
Q-tlps  use  an  adhesive  that 
dissolves  in  acetone 
Q-tips  will  not  hold  acetone 
Q-clp^  leave  lint 


iO-5.     Mo»t  Ittnses  are  a li=-sH)aX'.^<  if^  their  * 
diametn^^  is  or  excee<1s 

1.  1  in. 

2:  1  1/2  in. 

3.  2  In. 

A.  2  1/2  in.  . 

10-6.     Why  arfc  some  lenses  In  an.  optical  syjBtem 
comentVd?  / 

1.  To  improve  light  transmission 
through  the  instrument  ♦ 

2.  To  make  mounting?" of  the"  elements 
^     easier  ;v 

'3.     To  protect  special  types  of  brittle 
glass  ^ 

A.     To  make  disassembly  of  ^he  instrument 
easier 


ia-7, 


what  should  you  use  to  clean  large 
optical  elements  effectively? 

1.  Several  sheets  of  folded  lens 
tissues  dampened  with  acetone 

2.  Cotton  on  lens  tissue  swabs 
dampened  with  solvent 

3.  Solvei'it;-,  soap  and  water,  and  canjel 
hair  brushes 

4.  Several  sheets  6f  lens  tissue 
dampened  with  alcohol  "and  acetofie 

Which  of  the  following  procedures  should 
you  use  when  cleaning  lenses? 

1.  Preclean  the  lens  with  soap  an^  watei^ 
so  final  cleaning  can  be  done  in  less; 
thati  20  seconds 

2.  Rub  the  lens  vigorously  with  a  pad 

or  swab  to  loosen  any  dirt  on  the,  ! 
lens  surface 

3.  Change  pads  or  swabs  frequently  to 
avoid  leaving  a  'film  on  the  optics 
being  cleaned 

4.  Move  the  swab  in  circles ,  st«rtij>g  In 
the  center  of  a  lens,  so  lint  ^nd  , 
dirt  will  move  to  the  edges  ' 


10-8. 


10--9. 


d2 


What  is  the  disadvantage  of  a.  soft  glass 
used  alone  as  a  Iftns? 

1.  Inadequate  reflection 

2.  Inadequate  refraction 

3.  Quickly  deteriorates 

4.  TuYns  hard^  under  use  •  - 

t^tjin^  ultravl^et  light,  how  |pn  you, tell 
if  1  envies  have  beteri  .ee»en.te<}  together 
with  thermosetting  pldatic? 

1.  Th<^y  will  be  opaque  ^\ 

2»  The  lenses  cHtnge  CQ^ior  * 

3.  Little  or:i^o-^f luoreiicence  will  app«|[r 

4.  Constderabie  Fluorejicc^nee  will  appear 

How  can  you  t^ll  if  the  hot>lafcfe  is  too 
hot.  when  cementing  lenses?  *  ^  • 


1. 
2. 

3. 
4. 


Check  the  dial  on  the  hotplate 
Watch  the  asbestos  for  signs  of' 
scoretiing 

Watch  the  lens  for  discoloration 
Watch  thCL  black  paper  for  signs  of 
scorching 


Hhouid  you  do  if  lenstis  do  not 


I.     R«J«ct  them  ^ 
2«    Ralii«^'^th« '  temporatum 

3.  ,  Low^r  the  tempi^ratm^ 

4.  ln»ert  a  glngle-edgo  razor  blade 
between  them 


;  Vf.  \  10-11. 


How^«hould  you  proceed  to  recemerit 
tenses?  f^X, 

I  T-r-Pu<^  -a^-  i:^^^tl^e  ba-hram-       the  convex  - 
,   9J.ement ,  pick  up  the  positive 
element  with  your  tweezers ,  and 
Join  the  two  el^^ments 

2.  Put  a  )^tle^b/!\l8am  <^t\  the  concave 
el«pent"nd  a  little  oi^  the  "ftther 
e,lement  and  then  ^oln  tl^e  two 
Elements 

3.  Put^a  little  balsam  on  the  concave 
element »  pick,  .up  'the/poaltive  " 

^element  with  your  tweezers »  and' 
Join  them 

4.  Join 'them  first  for  fit  apd  then 
usA  the  "balsam 'and  tweezefs  to 
rejc^lif^  them  -  ,  • 

lO-lJT.    When  the  element8\of  a'  lens  have  been 

recismente;!!^  Hhy  shoul^ti  they  be  worked  * 
.  t6gtejt:hei:?  / 

1,^  Tq  renjove  e^tcesa  cement 

.^C  To  align  the  axes  of  the  elements. 

3.  To  reti^pv^  eccentricity  i 
'  4j  To  eliminate  bubbled 

10-13.    The  chuck  Jaws  oo  a)  lens-centering 

instrument      Ip  thai .     '  ' 

^  ^  1.  lowjer  telescope 

*  positive  element 

•3.  negative  eleraeiit. 

4.  combined  elements 

10-14.  *  .Eccent,riclty  In  Ss  f  re*shly  cemented  lens' 
i'ls  eliminate  by  moving  ^he  ^ 

I.   *crosWine  of  the  ^upper  t«le8iCop« 
•         :         2^   *crossflne  of  th|  low|r  telescopW 
<>  3^    negative  #lement^  in  tke  iena  cKuck 

4.    |}o8itlve  element '  i^gaitimt  tlje  ' 
nerga  t  ive '  >1  eAeht 


10-15.    What  la  the  first  thing"  to  do  In  the 
reassembly  of  leixses?  ^ 

'  ^ 

1.    dot  your  tools  ready 
^  2,    Gpt  your  parts  ready  and  on  hand 
3a    Remove  dirt  and  foreign  matter 
from  the  Ions  cells  and  body  tube 
^        4,    Blow  lint  out  the  body  tube' 

10-16.     Hhsw  can  you, clean  the  Inside  of  a  lens 
cell  that  Is  long  or  hard  fo  clean? 


i  . — FOTC^  "alT-thf^iglT-nTe  "cell  

2.  Tap  the  out$lde  with  a  small  fiber 
mailet 

3.  -Use  ra  long-ijandled  cameljs  hair 
brush 

.4.     Purge  the  iiislde  with  a  strong 
stream  of  wjiter 

10-17.,  What  happens  to  t,he  part icles"* cleaned 
from  th^.  inside  of  a  cell? 

1.  They  ari^carrled  Away  with  the 
forced  air  m 

2.  They  stick        the  masking  tape  •  ' 
you  placed  over  the  pprert  end 

3.  They  collect  on  the  camel's  hair 
brush  '  r 

^^f^       '  4.     They  are  cjirrled  away  with  the 
of  wat^r 

lO-iaf,«^3l^w  ahould.  you  protect  clean  optics? 


1\     Spray  a  prOte^'ctlve  solution  on 

them  , 
2.     Dip  them  in  a  lint  repellent 

Wrap' them  in  lend  tissue 
4.     Install  them  right  away 


10-19. 


Lfarnjj^g  ObrJe<;tiveU   Rccb|^iia;f  th^ 
itcpt  of  i^«AiSMbly  in  rep^^cing 
lenses  or  prism ^and-  lden|:lfy^  common  . 
risks  fn  rea$B«mblyv    textbook,  . 
pages 'ff^l  and         *^     -  / 


How  do  you  remove  ^lint  from  the  lens 
tissue  from  l^eMes?  ^ 

1.  W^^  it  of K with  the  recommend^  , 

2.  CjJCj^  it.  off  with  a  soft  clofh 

3.  ,Kek  it  off  with  fine  tweeeers^  ^ 

4. ^'B]Jbw  It  off  with  ap  al^r  bulb 

iO-20.    Row  do  you  avjpld  fingerprints  on  th*  . 
:     edge  o^  a  lens?  ♦ 

1,.  />Hold  the  |ens  by^  its  edges 
4'    -   2,    Hold  the  leni|  oh  its  retainer  "ting 
^  r/3.t   Seize  Che  lens  by  , using  lens  tissue 
^  ft.    U«e  ,a  ^lictlon  9Up 

. .    ■  >    •  .    ■  ■      .  V 

10-^21,    What'typf  of  damage  do  you  ifisV^if  you^ 
b'v*^^trighteh  a  retainier?  '  T** 

1.  Distortion 

2.  Strain 

,  \        .3.y  Poor  collimation  *  . 

4.  Impossible'^ccHlimatlon     ^»  ' 


rERJC 
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A  flihtfting  prlfim  rtftcr  rort^mc^jnbly  la 
cauHttd  by  A  ,  . 

1.  prlum  in  tho  yrong  sequence 

2.  missing  prlHm  mount 

).     prism  coiiar  Coo  tight 
A.     prism  col Lur  too  Loose' 

In  a  pr i3m-oroct ing  system,  how  muHt 
t'ho  prisms  be  oriented  to  avoid  loan? 

L.     AS"*  to  oath  othor 

2«-    60^—trO^eae4i— other  

3.  75**  to  each  other 
90"*.  to  each  other. 


rlrou  *have  a  porro  prism  cluster  that 
but  of  alignment  by  1  1/2"*,  !iow  mueh 
lean  w.tli.-you  ha\e  as  you  view  a  target 
through  the  cluster? 

♦ . 

2.     1.3"  g  . 

<■».     4.0°  ^ 

How  can  you  avoid  lean  during 
reassembly  of  a  prism? 


10-28,  ^8  you  reaa$embJe  optical  inst rumehta. 

you  should  db^vhich  oX  the  following?^ 


10-^29. 


10"- 30, 


1. 

2. 

3. 
A. 


Align  asaombly  mai'ks 

Koei>*  all  openings  closed  when 

not  in  use 

Do  not  force  parts  togetlier 
Do  all  of  the  above 


During  rerflis'embly  you  run  up  against 
two  parts  that  bind^.  Wliat  should  ho 
your  next  step.? 

i)  ^ 
1.     Begin  reassembly  all  over 
2»     Check  with  a  senior  OM 
3.     Find  the  cause  of  the  bind 
A.     Use  slightly  more  than/lnger 
pressure  to  overcome  the  bind 

Adjustmonts  always  seem  tcMjie  needed 
while,  you  are  assembling  ajt  instrument 
When  should  you  try  to  make  these 
adjustments? 

1.  Before  final  reassembly 

2.  During  CQllimatlon  ' 

3.  ^During  reassembly 

Aftur  colllmatlon 


1, 

Use  the  adjustment  provided  by  the 

•^0-31 

designer 

^  \  » 

2. 

Replace  theVollar  > 

1. 

Select  a  smaller  collar 

s- 

4. 

Choose  a  larger  collar 

Wliat  unusual  ablllty^must  you  have  if 
you  are  to  remove  luan  from  a* prism 
cluster?  -  ' 

1,  Patience 

2,  Vertigo 

3,  Seeing  two  titfferent  objects'  at 
tfhe  same  t  ime 

a;     imagining  the  horizontal  fo  be  * 
vertical 

What  is  the  ilsk  in  trying  to  remqv^. 
lean  from  a  (jocked  prism?  ♦  - 

1.  Chipped  prism  ,  ' 

2.  Reversed  prism' 

3.  Crack'iW  prism 

4.  Distort'Cd  prism  k    ,  ^ 


10t32. 


Learning  Objective:  Identify 
the  details  of  aiisenjbiing  ^ 
mechanical  parts.  '  Textbook 
pages  8-2  and  8-3.  * 


10-33^; 


X 


Threads  on  retaining  rings,  lens  mounts 
and  the  like  arc  fine  and  can  be  cross- 
threaded  with  little  effort.     How  oan 
you  avoid  this  hazard?' 

1.     Seat  thci  threads  In  a  clockwise  0 
manner  gfently 
v2.    Use  fto  more  than  thumb  pressure  to 
^^eat  the  threads  in  a  clockwise 
man'ner 

\y\ae^  no  pressure  as  you  rotate  the 
'  thread  in  a  clockwise  dix;ection. 
V    SV'^"'^^®'"  ^"  *  counterclockwise 
jcrlrection  to  click  into  |\lace-- 

yo,^r«Vent  corrodlon,  what  antiselse 
^compdund  should'.'^ou  us^  on  eKterjna,l 
lscr«w  .threads  etnd  threaded  portions  of 
Vody  tubes? 

1.x  Flive  grease  '  ^ 

"^W^  Silicone  grease  *, 
3.    Machine  oil         '  \  ^  ' 

A.    Graphite  powder 

Why  Is  the  antiseite  compound  irf  the 
prejSading  quest.ion  'the  best  one  tp  usa? 

1.  It  is  cheap  and  if^lasts 

2. *    It  'la  always  available 

3.  '.  It  won't  run  and  it  preve^nts  cojrro- 

alotif 

i.  '  It  la  th^  only  lubricant  fallowed 
on  a  l^ns  tetaltier  ring 


7N 


4Ss 


t 


I0-3A.     U\\nt   \m  the  dofliUtlon  of  coH  Imtit  Ion? 

1.  Th«  final   tJt«j>  U)  th«  overhaul 
and  roprtir  of  an  optlCfvi  inatni- 
mont 

2.  Jfho  propat  iippl  loat  ion  of  an 
optical  inat rumen t. 

3»     The  nllgnm^\t  of  tho  opt  lea  IV^'*^ 
ttxlB  of  an  InBtriimeut  w*1th  It.s 
mechanical  tikls 

6»    Tho  target*' and  croHBllne  arc 
p  lac  oii   1 1\  pt! r  f  oc  t   f  oc  n s 


Learning  Ob)eotlvo:     [dontl^y  the 
olcmentsi  of  colliraatlon  and  the 
coL  I  Imat  ion  technlqiusR  appl  led 
to  different   instriimenta.  Toxt- 
book  pages  8-3  through  8-!0. 


10-35.    Wlmt  part)  of  the  co,LL  Imatot:  i\\  figure 
8  -2  of  the  textbook.  Is  optical? 


vn^lch  collimator  l«  ^ffted  only  for 
hinoqularis? 


t .  *  Mk  A ,  Mod  0 

2.  Mk  S 

3.  Mk  9 
Mk  13 


the  Mk  9 


How  many  tolcacopos  a 
ooll Imntor? 

U  Six 

2;  IVo- 

Xt  Klght 

C  Nlrfc 


How  many  collimator  tel9«co|njfl  on  the 
Mk.9  arc  mounted  at  0""? 

1  .  One 

2,  "  Two 

3,  Three 
.  Four 


1 .  Base  10-/*  3. 

2 .  Keyway 

3.  Telescope 

A,  Telescope  support 

10-36.  The  collimator  shown  In  figure  8-2  of 
the  text  Is  NOT  designed  for  use  with 
which  of  the  following  Jnstrument?)? 

10-AA, 

1.  Large  telescopes 

2.  '  Sm^li  telescopes  , 
.  3.  Cunalght^ 

4.  Navlgat  lonal^.inHtruiftents  *  v"'' 

10-'37 .    What  holds  the  collimator  telescope        •  ^ 
Hup^ort  al^lgned  with  the  base?  / 

1^.  T-block 

2-.  Sq\iare  ke^ 

3.  K«yway 

4.  Support  flxc«gre8  »  '  lO-'AS. 

10-38.    The  auxiliary  support  fixtures'  in 
figure  8-3  of  tht  te)^tbo'ok  fit  the^ 
Mk  ^4 ,  Mod  ,      ■         1  ^ 

.  "v  .    f        '  *     '  ^  " 

I.    i  collimator 
.  2»     2  col limn tor  ^ 

3,     3  coliitaator 
.  4 .    0  collimator  "  ' 

»  ■ 

10-3^    Th«  mouptlrtg  stand  in  figure  8-6  of-     ^  10-46. 


f 


*  th«  ttxtbook  fits  which  of  the  followr 
Ing  coll Imatots? 


Which  telescope  in  used  with  the  Mk  9 
col limator? 

1.  Mk  13 

2,  Mk  9 

3.  ,Mk  5  Mod  0 

4 ,  Mk  8  Mod  1 

In  which  af  the* following  publications 
will  you  find  more  details  on  colli- 
mators than  this  text  offers? 

1,  ,NAVTRA  10206-A,  Opticalman  l&C 

■  2,    OP  14^7,  Collimators  for  Optical 
Instruments  '  ^ 
3.     NAVEDTRA  10052  Series,  Bibliography 

'  for  Advanceirient  Study  / 
A.     Ihe  perllnent  Personal  QuaMf icat ion 
t    Standard  '   -  '  . 

Wl\at  unique  prciblems  exist  with 
collimatlon  of ^submarine  perlacop^s^ 

1>  ^'Length  of  the'  instrument  and  the 
need^  f6r  an ^adjustfable  target 

2,  Skill  of  the  CM  and  number  of  OM's 

3,  Availability  of  submarine  peri- 
scopes ancT  frequency  of  coLllmation 

A,    Cost  and  secrecy  of  submarine 
periscope  Gbllimstlon 

Wh^t  }•  the  most  common  tool  used  by 
an  Opticalman  to  adjust  most  inatry- 


1.  Mkl.3 

5.  Mk  7 

3.  Mk  5 

4.  *Mk  A 


1.  Auxiliary  telescdpe 

2.  Mk  5  collimator 
MK  9  collimator 
Mk  13  collimator 
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What  li*  th«  magntf  Icrtt  ion  of  th<s 
rtuxtl  liiry  lelescop*? 


IO-')3. 


2. 
A. 


6X 

3X 
AX 


.10-A8, 


•10-A9. 


What   Is  tho  main  purpoac  of  tho 
a\ixtljnry  toleaoope? 

 ^  \_  ^Pr  *?ye  dotacia  la  tliu  * 

f^fc**  repairman 

.  2,  To  rcnfuci!  magti  I  f     a  t  Ion 

^.  To  determine  one'n  dIoptrU-  ficft  i'n^^ 

A.  To  ad)u«t  an  optical  ayatom 

To  gut  the  best  results   in  f  Im^n^f  tho 
dioptric  aettloK  of  your  oyc8,  take' 
five  readings  and  use  the 

1  .  av«raj;;e  of  the  Vosuits 

2.  moHt  frequent  reading 

3.  last  reading 
A.  third  reading 

10-50*    Once  you  have  found  the  dioptric 
Betting  of  your  eyes,  uw^ier  what 
c  I ic'umstancijs  should  you  change  \t he 
setting? 


I, 

2, 


When  setting  a  focusing  eyepiece 
to  zero  dioptera 

When  setting  j^j-tKcd  eyepiece  to 
zero  .d  iopteti^^ 

When  eye  strain  or"  fatigue  ha« 
changed  your  eye^s  characteristics 
When  ui^ing  a  ml;3aiign«d  collimator 


10-31*    .An  auxiliary  teleacopc  is  nui table  for 
'  ctoing.  all -but  which  of  the  following? 
•  * 
.    -     I.     Chej^kln^  for  parallax  and  setting  '  . 

fV^edN^ype  and  focusing  eyepiocoa  ' 

r da sing  the  power  of  another  • 
telescope 

3.     Use  as  a  subStit^ite  sextant  telescope 
V,     (Jolllmating  hand,  held  .bllnoculars^ 
with  the  aid  of  prism  attachment" 

IQ^5'2.    Wlion  colllraating-  7  X  50  binocular^  with 
an  , auxiliary  telescope*,  what  will  be 
'    "      thft  magnification  of  the  Collimator 

image^?        .  .   <  \  ^ 


I: 
2. 
3. 
4. 


3X 

i8X 
21X 


WhcMi  ualng  a  mi^chlnlst^s  «quarc  to 
Align  the  Mk  A  collimator,  wlmt 
function  are  you  performing? 

1.  r.Htabittihing  parallelism  between 
the  base  and  the  optical  axis 

2.  Squaring  the  collimator  croosllne 

3.  Ke forming  parallax 

A.     Setting  y:ero  diopters 

Which  checking  telescope  is  equipped 
VLLth  a  graduated  dial  and  a  vern-ier- 
Ind  ox? 

1.  Mk  7 

2.  Mk  B 
K  Mk  9 
^4.  Mk  13 


.  10-55, 


10-56, 


10-57 


LO-58. 


Learning  Object  I vo :  Recogn  i  ze 
the  proccdiiroa  of  colllmatlon. 
TexcbAl^pagoo  8-10  through  8-12. 


Which  of  these  operations  ^hould  you 
perform  first  in  collimatirtg  optical 
Instrnments? 


I. 
2, 
3. 
A. 


Set  tho  zero  diopters 

Sliim  or  scrape  the  mounting 

Removo  parallax 

Square  and  superimpose  the  cross- 
1  inc 


Which  of  these  operations  should  you 
petform  last   In  colllmatlng  optic/^1 
instruments?  ^ 


2. 

3, 


Set  thb  zcYo  diopters 

Shim  or  scrape  the  mounting 

Remove  para-llax 

S<juarc  and  superimpose'  the  cross- 
line 


4^hicli  Instrument  *ls  rqquired  to  check 
for  parallax?  ^  ^  ' 


I. 
2. 

3. 
4. 


Auxiliary^  telescope 
Mk  7  -checking  telescope 
Parallax, meter 
Dyn\im^ter 


If  fl:>e  instrument's  cros&line  came 
Into  fociis  at  +3  diopters,  bit  the 
diopter  scale  .and  the  collimatct^% 
crbssline  came  liito  focus  at  -A 
diopters  ot)  the  diopter  acala,  yhat  Is 
the»total  amount  of  parallax? 


1, 


,+7  diopterf 
-7  tiiopters 
+3  diopters 
-A  diopters 


ERIC 


7? 


r>6 


l0-')9.     If  th«- ooi  I  tmrttor  '  e  rroBBllno  comes 
Into  focu«  afti.tr  thu  1  iiki  rumi^nt  *  h 
c  rt>aH  line ,   you  tihoold  miivo  lUv  ■ 

I.     liiHl  rumont  *  H  croHrtl.loo  nw.'iy  fn^m 
the  obi)«JC t  Ive  .  . 

^ypctlvQ  lews  toward  tlK»  colLt*-  - 
H^Kor  <)b|ertlvo  '  . 
;  ^^^-^  o<Mj^|gt or  townril  -tl^e  croo8llnti 
^» .     obl^^^ti  coward  the  oro«rtl  liu\  or 
tlio  oroHBl  t>r»  toward  t  lu»  obl^otlve 

lO-GD.    "Flow  mxch  prt'rAIlrtj^n  »  tionmi  1 1  y  allowed  • 
In  an  optical  Instromoot? 
4  • 

L.  Pl)^ttMisivo 
2  .     MiKlorat  o 
^.  SllKht 

^*  .     None  ' 


10-61..   What  pAr^  has  to  be  looaoncd  to  nquaro 
tl5*  InHtrument  oroswlinc? 

i.     Objective  ions  mount 

2*     Croadiine  ret^tln«r  ring. 

3    ^ —   r 


CroBttlind  Icwh  moiiut 
Kcvontric  ringt? 


10-62.    What  la  the  moHt  comi^on  meana  of 
atipor Impowlng  tho  oroaslinos? 

1.  i^hift  prisma  . 

2 .  Ad  Just  8C  rows 

3.  Uao  qccontrlc  objoctlvo  mounta 
A,  Uae  Gccontrlc  object  I  vcj  lona 

10-6  3.     Aft  er  having  svipor Imposed  the  crosBline, 
you  miJBt  recheck  for 

I .  r.ero,d lopters 

'2.  squareness  of  the  crosfll.lne 

3.  lean 

A;  parallax  .  * 


c 
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Assif  nment  11 


Toxthook  AwMlnnment:     P/tROii  8-12  fhrough  9-8 


.l!te«rnlug  ObKHtlve:     Identify  the 
proc'^durefl  lit  aett  lag  zoro  cIlopterH, 
control  I  Intt  backUish,  and  control- 
llnK  the   I fne  of  sight.  Textbook 
|>rtgo  *8-l3. 


11-2. 


To  aet  optical  ?:ero  diopters  with  an 
auxiliary  telc^t^ope.  .xivays  focuH  from 
rho 

1.     minus  side  t\>  th6  plurf  8idc 
2..  -pluM  3ldi>  to  the  minus  Aide       /  , 
3.    '*v)p  side  to  the  bottom  side 
.     bottom  side  ,to  the  top  ii  Ide  *, 

If  both  cross  I  in4?ii /iro  In  focua  at  +1  * 
dibptor/  What  happens  to  th«  final 
Image  plane?  '  ,\  '  »  ' 


I, 
2. 

4. 


-It  is  in  too  ftif 

It  Is        too  h*igh 

It  la*  out  too*'  fan  - 

It  ts  down  to6  low 


11-3. ▼  Tq  set  \z«ro  di-opters  on' a  gunslght 
telysco^  vJith  two  eV^ector  lenses, 
-^\at  aliou\d  y(>u  do'i  -    *  - 


L 
2. 


Move  the  .v>bjectivi5  in  or  out 
l^ovG  the  near  ob^^fcctlvo  In  the  ^' 
oppositTo  direction--. 
Mpve  the  front  erecfor  in  the  dlroc-' 
0T6h^^^ycAi  want  tf\e  linage  plane  to -move 
Move  thfi  rear  prector  In  the 
direction  you  want  the  imago 
.plane  to  move 


11-A.    Optical  instrument!  that  use  deflection 
priamA  or  mirrora  must  be  checked  for 


1 

2: 

4. 


tru#  hor^rontal  tracking* only 
true  vertical  tracking  only 
mechanfcai  batklaah  onlyi  " 
true  horliontUi^racking,  true 
vtrticai  tracking,  and  mechanical 
backlash.^  '  ,  *^ 


11-5.     In  gunslglits,  ba<>Jcl^i»T\  must  *be -held  ^o 

1.  '30  seconds  or  loss 

2.  40  seconds  -or  les? 

3.  ^)0  seconds  or  loss 
4^     60  aeccfnds  or  loss 

l!-(>.     Tn  gunslghts  what   la  the  tnaxlmum  % 
vnriiince  allowed  in  tho  Lino  of  sight? 

1-  0.25  or  0.50  minutes  of  arc 

2.  0.25  or  0.50  seconds  of  arc 

3.  0.50  or  0.75  minutes  of  arc 

4.  I  or  2  minutes  of  arc 


Learning  Objective:     Recognize  the 
steps  in  sealing  and  drying  optical 
inatruraents.     Textbook  pages  8^13 
through  8-15.- 


lt-'7;.  Which  of  tKe  following  is  NOT  considered 
a  designation  of  optical  Instruments? 

'L  Moiatu.r<i,-t)ght 

2.  DUst-tigh't: 

3.  Gas-tight. 

.    A.'   Ttessure-t  ight    -  , 


^  In  anawerlftg  It«ms^ll-8  througi<  11-10,  match 
'the  insfcrumant  in  column  A  with  lt;a  rlassifica- 
tion  -in  column  B.-  ' 


"f 


A^.  Jn^t^tumetjjt,^ 


.11-*/   Hand  hjeld 
.  '     r  binbcuiarn  .  . 

11-?',  Bridbe<-mounted 
*\  bj^i^jyulars 

11-10,  Submarine*  peri- 
*    .  scope 


Cla'saigication 
i:. '  Moisturfe-tigljt 
5,  Weather.-tlght 
3.  Presaute-tight 

^,  ■ 

t*..  Gtts-tlgl^t, 


1 


A  pr«»(iur«-t  Ight   iniitfument  should  be 
charKOi!  with  ( 

*  """^ 

1.  ho  I! urn 

2.  dry  nltrogon 

3.  oxygon 

A.     wAtor~pump©<J  nitrojjon 

optical   in8tr\ini«nt  dryor  \\t\\\  \^hnt 
typo  of  fllter^JlR  agent? 

V 

L.     Silica  gel 

Alumina  powdor 
A,     Powdered  graphite 

What  serves  a«  a  molacuro  indicator 
In  an   Instrumcnc  dryer? 

1,  Cobalt  magnesium 

2,  Cobalt  chloride 

3 ,  Sod ium  chlor  Ide 

A .     Sod lum  magnea Inm 

To  dry  silica  g«l,  you  bake  it  until  it 
bocomeo 

1 .  p Ink 

2.  br(>i/n  \^ 

3.  red 

A.    blue  ^ 

Silica  gel  should  be  removed  from  Us 
cyl  inder^whon  it  turns 

U  blue 

2.  red 

3.  plnkr 

4 .  green 

Replace  siHca  gel  when  It' turns 


1.  whlt^ 

2.  gray 

3.  greon 

4.  brown 


Whirt:  color  is  silica  gel  when  It  holds 
50T  moisture? 


11-19.     Silica  go)  should  bo  bnked  at  loA«t 


n-20. 


11-21 


11-22. 


I  . 
2. 
3. 


1  hour 

2  hours 

3  hours 
A  hours 


A  full  cylinder  of  inort  gas  contains  a 
pressure  of       '  '  . 

1,  1500  psl 

2.  1600  psi  - 

a.     1800  psl    4-  ^     -  - 

A.     2000  psl 

For  charging  instruments,  NKVER  -use  a 
cylinder  with  loss  pressure  than 


1 . 
2. 
3, 
A. 


AOO  psi 
600  psl 
800  psl 
1000  psl 


Which  of  the'  following  Is  bad  practice 
when  yhw  handle  gas  cylinders? 

1.  Keep  cylinders  secjired  in  place 

2.  Return  depleted  cylinders 

3.  BleQd  empty  cylinders  slowly 
A.  Returned  cylinders  should  have 

AOO  psl  of  gas  left  in  them  f 

Learning  Objoctlv©:     Identify  the  ^ 
techniques  used  in  clmrglng 
optical  Instruments.  Textbook 
pages  8-16  through  8-19. 


11-23. 


Open  the  valve  of  the  cylinder  pressure 
gage  only  enough  to  Indicate  a. 

1.  sudden  rise  in  pressure 

2.  slow  rise  In  pressure 

3.  fast  rise  1ft  pressure 
A.  Immoderate  rise  In  pressure 


7 


11-2A 


How  much  pressure  from  the  regula'tor  will 
blow  out  the  filter  and  lines? 


1.  Egj5  .white  ^ 

2.  Pale  pink  t 

3.  Crimson  red 
A.    Wiiter  green  # 

Slll^  gel  oaturated  nearly  100^  with 
molsturt  ha^  what  color? 


Strong  plr 
Doep  blue 
Pale  red 


\.    letf,  green! 


11' 


25. 


1.  5  lb 

2.  7  lb 

3.  8  lb 

A .  9  lb  •  , 

Wbeo  an  optical.  Instrument 'la  being 
charged »  what  should  the  gage  on  the  m/^x 
instrument  .dryer  read?  ' 

1 .  About  2  pai  - 

2.  About .5  pal 

3.  About  7  psl.. 

4.  About  AOO  psl 


To  ffnd  Uaks  «round  fittings,  gitakfttn, 
•cr«w«,  or  the  obj«ot Iv^wlndow,  you 

■hoiild  u9«  which  of  th«  following  tUHts? 


ll-33s*    A  rangofindor  will  iienl  with  a 
prtmeuro  of 


1 . 

5  lb 

U     Brush  with  tioApeudii  '  * 

2  . 

2  lb 

2.     SubnMirge  In  water 

3. 

7  lb 

3.     Charge  It  to  5  ptil  for  2/* 

hours 

1  4. 

10  lb 

4.     Do  All  of  th«  Abovo 

For  About  how  long  should  the 

11-3A,  The 

rangeflnder  should  be  purged  < 

purging 

tho 

ho  I  turn  purity  Indicator  shows 

operation  be  ropoatod? 

I , 

99.9%  helium 

I.     10  mtn 

2. 

98.9Z'hoIlum 

1,     43  mln 

3. 

97.5%  helium 

3.     30  mln 

A, 

95.7%  helium 

A.       2  hr 

What  Is  tlie  purpose  tif  the  purging 
operatic!^? 


11-35, 


To  re(move  all  molstvire  froiv  the 
J.nst  r\jmGnt 

To  blow  out  dast  and  dirt 
to  seal  leaks 

To  et^tabllah  a  ppsltlve  pies  sure 
Insld^  the  Instrument 


U-36 


Always  ^harge  an  Instrument  with  helium 
whon  the  Tnlet  valve  Is  painted 


1. 
2. 
3. 
A, 


red 
blue 
gray 
yel low 


When  you  have  the  Instrument  free  of 
moisture^,  replace  the  outlet  valve  screw 
and  let  the  pressure  on  the  dryer  build 
up  to  about 


1. 

2, 
3. 
A. 


1  lb 

2  lb 

3  lb 
A  lb 


11-37, 


If  In  doubt  about  which  type  of  Ajffto 
charge  an  Instrument,  use  / 

1 ,  nitrogen 
2*  oxygei\ 
3 ,  hydrogen 
A.  helium 

If  an  Inlet  valve  were  painted  orange,  » 
you  would  know. 


W4,th  the  cylinder  valve  closed,  the 
pressure  reading  should  drop  to 


I. 
2, 
3. 


I. 
2. 
3. 
A. 


1  tb 

2  lb 

3  lb 
zero 


how  much  pressure  to  lise 
what"  type  of  gas  to  use 
the  Instrument  should  not  be 
purged 

what  temperature  should  prevail 
for  charging 


What  gas*  Is  used  to  charge  and  test 
rangef Inders? 

1 .  Hel lum 

2.  Oxygen 

3.  Hydrogen 
A.  Nitrogen^ 

A  helium  purity  indicator  Is  used  to 
test  tbft  percentage  of  helium  In  t^he 
rangef Inder  after  the  Instrument  has 
been  purged  for 


1. 

1 

hr 

2,' 

2 

hr 

3. 

3 

hr 

4. 

1/2  hr 

♦  V    "Learning  Objective:     Identify  the 
^^^pr Inclples  and  methods  of  appli- 
cation In  grinders.     Textbook  pages 

.     9^1  through  9-5, 

 ,«  ■  --  ■      -    .  __.  

i;-38.    Wliy  should  an  Optlcalman  study  machine 
tool  operation? 

1.  To  gain  knowledge  to  become  a 

*  machinist,  ^ 

2.  To  gain  Insight  Into  the  Machinist** 
i               .  rating 

3.  To  gain  basic  knowledge  of  th^ 
Optlcalman* 8  profession 

A^^jTo  gain  ability  to  make  needed 
^Replacement  parts  and  tools 


ll~)9.     Of  th«8«  purfornMincu  factKn*e»^  which  Is 
i  ho  nK)«i    Import  rtnt   for  nn  Optlcnlman? 

1,  Cot  Jobs  out  by  thotr  priority 

2,  Conflilw  work  to  that  of  the 
Opt  Icilhnan  rat  Ing 

3,  Take  time  to  perform  the  work 

.     Roiluce  coBtw  whcvevwr  po»wlhlo 

11 The  removal  o(  metal  by  the  cutting 
actlo!^  of    an  ahraBlvo  In  called 


ll-/*(). 


I1-A7. 


Wluit  typo  of  proHSuro  should  you -usto 
who  II  bog  Inn  lug  «  job  oi\  a  grinding 
wheel? 

1 .  Heavy  1 

2 .  Moderato 

3.  Modorato  to  heavy 
A.  Light 

The  bench  grinder  Is  designed  to 
sharpen  tools  made  of  which  of  those 
met  a  I  8? 


I  .     gr I  ml  log 
}  .     po  1 1  flh  lnj< 
\.  honing 
A,     burn  lob  lug 

What    la  thv  process  of  manually 
holding  aiu!  manipulating  a  workpleco 
lor  gr  ! nd  lr\g? 

I  ,  i^irv  Ing 

2 ,  Cut L Ing 

).  Oflhand  grinding 

^»  .  Offhand  flnUtilng 

11-^*.?,     What  part  of  a  bench  grinder  protects 
tho  operator  from  flying  chips? 

1.  R Ight -hand  whee I  guard 

2.  Wheel  guard  mounted  shield 
\.     Left-hand  wheel  guard 

4.    Wheel  guard  mount 


ll-A). 


11-44. 


Ll-45, 


What  are  the  tirotit  common  and  most 
serious  hazards  In  working  ^/Ith 
grinding  machines? 

I  .     Abras  touu 

2.  -    Foreign  particles  in  the  eye 

3.  Cuts 

4 .  Shocks 

Wliat  are  the  main  Ingvedlenta  of 
safety  In  using  grind jirs? 

1.  Common  sense  and  concentration 

2.  Speed  and  accuracy . 

3.  Concentration  and  speed 

4.  Accuracy  and  concentration 


11-4B. 


1 1-49, 


11-50. 


11-51. 


11-52, 


the  tooirest  'and 
of  work? 


"1 

wn< 


1. 
2. 

3: 

4. 


1/4  In. 
3/8  in. 
1/16  in. 
1/32  in. 


eel  face  regardless 


-A 


1.  Aluminum 

2,  Brass 

3.  Steel 

4,  Monol 

What  should  you  do  to  a  bench  grinder 
wheel  clogged  with  metal? 

1.  Dross  It  down 

2.  Apply  a  lubricant 

3 .  Wash  It  down 

4 .  Get  a  new  wheel 

About  what  percentage  of  a  grinding 
Vhecl  Is  abrasive? 

1,  50% 

2;  20% 

3,  30Z 

4.  40% 

Which  of  these  examples  is  a  natural 
abrasive? 

1.  Aluminum  oxide  .  * 

2.  Silicon  carbide 

3.  Emery 

4 .  Monel 

Which  abrasive  should  be  used  for 
grinding  carbide  tools?  ' 

i;  Sillpon  carbide 

2*  Aluminum  oxide 

3.  Corundum 

4 ,  Monel  (  ^ 

The  strength  pf  the  grinding  wheel 
•corned  from  its 

1.  size 

2.  abrasive 

3.  bond 

4 .  weight 


71 


.475 


9 


rh«  luttftra  A  to  2  ^r*  unttd  in  grinding 
wheal*  to  •how  the 

1.  grade  of  the  abraHlvu 

2.  eizi^  of  the  abrasive 

3.  weight  of  the  ebmeive 

A.    etructure  of  the  abrasive 

The  numbers  I  to  15  apply  to  what 
feature  of  an  abrasive? 

1.  Grade 

-  2^    Structure  .  - 

3.  Sire 
A.  Weight 

How  do.  you  ^'sound**  a  grinding  wheel? 

\.     Spin  It  aiowly 

2.  Spin  it  faat 

3.  Listen  as  It  grinds  at  high  speed 
A.    Tap  it  lightly  with  a  piece  of 

hardwood  and  listen  for  the  sound 

In  a  grinding  wheel  installation,  what 
is  the  purpose  ^f  the  recessed  flange? 

1.  To  spread  the  pressure  of  the 
securing  nut 

2.  To  ensure  even  pressure  on  the  wheel 

3.  To  dampen  the  v Ibrat Ion ^between  the 
wheel  and  shaft 

4.  To  align  the  grinding  wheel  axial ly 

What  is  the  process  pt  removing  material 
from  the  cutting  face  of  the  wheel? 

1.  Cleaning 

2.  Dressing 

3.  Truing 

4.  Both  2  and  3  above 

On  bench  and  pedestal  grindets,  what  is 
the  effect,  if  any,   if  a  grinding 
wheel  is  out' of  balance  axlally? 

1.  The  grinding  will  be  faulty 

2.  The  wheel  will  wear  too  fast 

3.  The  wheel  will  spin  crff  its  axis 

4.  There  Is  no  effect 

How  should  you  »t*id  when  grinding? 

1.  rest  together, and  weight  shifted 
slightly  to  pns  foot 

2,  Fiet  spread  slightly  with  weight 
evenly  distributed 

3*    Feet  iprtad  slightly  with  weight 

.  shiftisd  slightly  to  ohe  i^oot 
4.    Feet  together  with  w^ght  evenly 
distributed. 


Learning  Objuctlve;    Develop  a 
familiarity  with  drill  presses 
and  Identify  the  methods  and 
techniques  of  operation  of  drill 
presses  and  drills  found  in  Navy 
shops.     Textbook  pages  9-5 
T  thi^oug^)  9-8. 


ll~60.     Why  is  a  sensitive  drill  press  nearly 
always  driven  by  a  bbltT 

I*     Belts  allow  more  freedom  of 
operation 

2.  Vibration  by  gearing  would  be 
undesirable 

3.  Belt-driven  presses  cost  less 
^         4.     Geared  drill  presses  are  too 

dangerous. 

11-61.     Sensitive  drill  presses  are  designed  for 
drilling  holes  less  t^han 

1.  1  in. 

2.  3/4  in. 

3.  1/2  in. 

4.  5/8  in. 

11-62.    What  part  of  a  drill  allows  it  to 
advance  Into  the  work? 

1.  Chisel 

2.  Point 

3 .  Web 

4.  Lip  clearance 

11-63.     Wliat  part  of  a  drill  runs  the  length 
of  tb«  body  between  the  flutes? 

1.  Shank 

2.  Tiing 

3 .  Web 

4.  Chisel 

11-64.    What  part  of  a  drill  fits  into  the 
^    chuck  of  *the  drill  press? 

1 .  Shank 

2.  Flute 

3.  Body 

4.  Tang 

11-65.     In  figure  9-8  of  the  text,  what  is  tY\4 
hn%i^  of  the  drill  point? 

1.  118* 

2.  120^ 

3.  135^ 

4.  .12'  ,  , 


LI -66.     It  you  h<iv«*  to  Urill   a  har^l  mtotai,  how 
should  you  mudlCy  tho  twist  cIrlLl? 

I  .     locroa»*5  both  tho  pol'ht  aitgle 
Atui  this  Lip  ciQiiran(^« 

2.  ReducQ  tho  point  nnglo  ami 
lncr4)H^«  tho  lip  clearance 

3.  Rcduco  both  tho  point  angle  and 
the  lip  cJLearancc 

Increase^ tho  point  angle  and 
r<?<iuce  the  lip  cluaranco 

11-67.     When  drlllft  ve  graduated  in  fractions 
of  an  Inch,  what  size  incroment  or 
atep  ia  uaed? 


11-68.    An  Optlcaiman  refers  to  a  twist  drill 
most  often  by  lt»  bIeo  In 

1.  Inches 

2.  letters  ' 

3.  numbers 

4.  metrics 

11-69,     What  is  the  recommended  cutting  speed 
for  alloy  steel? 


r. 

2. 
3. 

A, 


50-70  fpm 
70-100  fpm 
70-150  fpm 
70--200  fpm 


2. 
3. 

A. 


1/6A  in. 

1/3^  in- 

1/16  in. 

1/8  In. 


V 


erJc 


/ 


/ 


• 

Assignment  12 


Textbook  A«8fgnmciu  :     Pages  9-B  through  9-33 


12-5, 


.12-1 


12-2. 


12-3. 


i2-A, 


Learning  Objective!  [deuttfy 
dfiil  aizea.  cutting  apeeda, 
am!  problems   In  Ostng  drills. 
Textbook  pages  9-8  through 
9-10. 


You  have  a  drill  with  a  circumference 
of  I  1/2  Inches  turning  at  400  rpm. 
Wliat   is  the  cutting  apced? 


I, 

2. 
J, 
A. 


13,08  tpm 

26.00  fpm 

39.22  fpm 

30.00  fpm 


Having  found  the  cutting  speed  In  the 
previous  problem,  which  typo  of  metal 
are  you  drilling  at  that  cutting  speed? 

1.  Machine  steel  * 

2.  Alloy  steel 

3.  Cast  Iron 
A.  Brrtsa 

How  Is  drill  feed  expressed? 

2. 
3. 

A, 


In  tenths  of  an  Inch  per  revolution 
In  hundredths  of  /an  inch  per 
rovolut Ion  / 
In  thousandths  o^f  an  inch  per 
revolut  ion 

In  ten-thousandths  of  an  inch  per 
revolution  '  ^ 


What  size  drill  should  you  use  to 
start  a  l/4-inch  hole? 

1.  1/8  . 

2,  3/16 
'3.  l/^ 

4.  5/16  \ 


1^-^).     A  drill  with  unequal  length  cutting  irps 
produces-  ,  ' 

1.  undersize  holes  \ 

2.  oversize  holes  I 

3.  rough  edges  on  the  top  of  the  hole 
^          <».  rough  edges  on  the  bottom  of  the 

l^ole 


12-7, 


12-8. 


If  your  drill  press  can  operate  at 
550  rpm,  1500  rpm,  2100  rpm»  *nd  2700 
rpw,  what  speed  should  you  select  to 
drill  brass  with  a  1/4-inch  drill? 


12-9. 


1. 
2. 
3. 
4. 


550  rpm 
1500  rpm 
2100  rpm* 
2700  rpm 


What  should  you  do  first  if  a  drill 
wobbles? 


1. 

2, 

3. 


Turn  the  machine  on  and  tfff  to 
check  for  turnout 
Examine  the  drill  s^ank 
Clean  t;he  chuck  and  drill  press* 
spindle  hole 
4.     Straighten  the  bent  drill 

What  safety  precaution  must  you  observe 
Just  before  you  start  the  drill  press? 

1.  Put  on  gloves 

2.  Put  on  an  apron 

3.  Lightly  touch  the  drill  with  the 
work  • 

4.  Put  on  goggles 

Whftt  type  of  piedsUre  is  generally  used  ^ 
for  most  small  drilling? 

1.  The  pressure  of  the  drill  bit  alone 

2.  Fingertip  pressure 

3.  Normal  pressure  of  one  hand 

4.  Normal  pressure  of  two -hands 


12-I(f.     If  you^hear  •iijAppIng  «oundfi  whllo  unlng 
«  mnii  Jrlli,  which  of  the  following 
Itt  uHunUy  thfl  troublti?  ' 

1.  Drill  8po«d  In  too  high 

2.  Drill  upood   Is  too  low 
^.  Drill  l8  dull 

4.  Drill  ha»  not  enoimh  lip  cloaraacc 

12-11.    What,  If  anything,  should  you  do  to  th« 
drill  cutting  edge  when  drilling  brasB 

1.  Grind  It  jjlightly  flat 

2.  Harden  It 

3.  Sharpen  It 

A.     Leave  It  alone 

12-12.    What   iB  the  cure  for  galling?' 


12-16.     What   iH.the  main  part  of  the  lathe  b«d7 

1.  Ways 

2.  J)«Tltttock 

3.  /^ Carrlagi> 
4/  Headntock 


12-17/    Of  the  four  woy»  shown  in  figure  9-12 
of  the  text,  which  way  takeg  moat  of 
the  downward  t!^ru8t? 

y   1;  1  , 

'       2.     2  '  - 

.     ,    -3.  3 

r2-'l8.     How  many  upeeds  are  obtainable  with 
each  position  of  tite  belt  on  the 
headntock  pulley? 


12-15. 


1 .  Uac  a'^lubrlcant 

2.  Use  no  lubricant 

3.  Reduce  the  size  of  the  drill 
A.  Select  a  bigger  drill 


12;- 19. 


Learning  Objective:    Name  and  find 
the  principal  parts  of  the  engine 
lathe  and  be  able  to  work  with 
the  lathes  In  Navy  shops.  Text- 
book pages  ^-10  through  9-16. 


12-13.     In  an  engine  lathe »  longitudinal  feed 
is  movement  of  the  cutting  tool  in 
what  direction? 

« 

1 .  Up  and  down 

2.  In  and  out 

3.  Left  and  right 
A.  Diagonally 

12*iA.     Lathe  size  is  determined  by 


only  the  diameter  of  work  it  will 
swing  over  the  bed 
only,  the  Length  of  the  beii 


12^20. 


12-21. 


both  the  length  of  tl 
the  diameter  of  work 
swing  over  the  b^d 
diameter  of  mfterial. 


b^d  and 
\t  will 


be  worked"  on 
/ 

What  i»  the  first  things  you  should 
learn  in  the  operation  of  a^lathe? 

1.  Names  and  functiort^of  main  parts 

2.  Types  6f  Jobs'^tj^^lfe  done 

3.  Safatv^^WStures^. 
A.  Construction  feattires 


12-22. 


1 .  One 

2.  Two 

■  3.     Three  , 
A .  .Fgur 

When  using  a  gear-driven  headstocki  what 
should  you  aTwnys  do  to  avoid  stripping 
gear  toet!^? 

1.  Use  the  clutch 

2.  Handle  it  like  the  transmission  in 
a^ar 

3.  Upshift  from  neutr^  ^ 

A.  /stop  the  lathe  before  shifting  |c«ara 

Wno  should  mak«  bearing  adjustments  on 
t)\^  engine  lath^? 

1.  ^An  ^e^tperienced  latUe  repairman 

2.  The  maker  of  the  lathe 

3.  An\ipper  echelon  naval  repair 
"  activity 

A.    Contract  repair  and  adjustment 
facilities 

What  is  the  main  function  of  the 
tailstockl 

1«     To  hojld  tapered  shank  drills 

2.  To  acfcommodate  work  of  varying 
lengqhs 

3.  To  hold  the  dead  center  to  support 
one  end  of  the  wotk  being  machined 

A.    To  serve  as  a  drill  chuck 

The  deAdI  center  is  hjid  in  a  tapered 
hole  in/  what  component  t 


handwheei 

8pindle*-adjust  ing  knob 
keyway 


The  t^ailstock  spindle 


mait\ly  of   {\  ,  . 

V?.     ^Iliimomi-shrtpijd  Krovip  of  chtuigo 

3.     holloa  I  g«ar  Arrangement 
A.     rtpiir  K«ar  nrrangemcnt 


12-^9. 


wfTfrh  tntho  chuck  le  Cho  mOMt  practicnl 
for  Konoral  work  a«"  wo^l  uh  providing 
tho  most  trl amp Ing  powor? 


3- Jaw  acroU 
A-Jnw  aero II 
).    ,)-|aw  Indopendont* 


12 


Vhij  carriage  of  a  Lathe  hna  how  many 
ma)or  oomponentn? 

.  i .     Owe ' 
I  *  Two 

rhree 
^* .  Tour 


Which  chiick  can 
only  round  or  h« 


[O  u»od  for  holding 
RQual  work? 


I. 
2. 


l-Jaw 

i-Jaw 
A  -  1  aw 


1^)  Itemii  12-25  through  12-27  match  the  functiono 
In  column  A  with  the  cotnponenta   in  column  B. 


12-2^ 


a2r2(). 


12-2  7. 


A.  •  Futic  t  Ion 

.   

Movoa  the  cutthig 
tool  at  right  angles 
to  tho  ways 

Contains  the  gears 
and  muchantam  for 
_ controlling  the 
-IttS^Vement  of  the  -  . 
caf^im^  for  longl>*v 
tiidlrtal  fiftii  and 
thread  cutting 

Engages  and  dis- 
engages tJie  lead 
screw  when  cutting 
threads 


5^  i^*I!P^iyiLL^_ 


1. 


Half -nut 
c  losure 
lover 

Saddle 


12-32, 


3.  .Apron 


>    '» ,  Croaa-aiJjBle* 


,12-3-3. 


12-28, 


Jn  the  carriage  assembly  apron,  how- 
many  positions  are"  available  on  the 
feed  change  I aver? 


One 
Two 

3.  Three 

4.  Four 


^  12V3A, 


Learning  Objective:  -Recognlie 
and  be  able  to  select  and  use 
attachments  and  accessories^, 
vital  to  succesjfful  opera- 
tion of  the  engine  lathe* 
Texfcbook  pages  9-16  throtigh 


12-35. 


What  la  a  common  fault  with  the  3-Jaw 
chgck? 


1*  Runout    "  ^ 

2.  I-aally  broken-  ^ 

3,  Fast  wear 

^*  .  Slow  operation 

What  is  the  best  chuck  for  holding 
small  diameter  work? 

1.  Drill  chuck 

2.  t^ollet 

3.  3- J  aw 
^* .  A-Jav 

As  the  carriage  moves  longitudinally, 
the  taper  attachment  moves  the  cross- 
slide 


1. 
2. 
3. 

A.- 


lor\gltudlnally 
la>|«|Nrtiv 

forward  v 
perpend»aarly  . 

WItSt  attachment  Is  -used  to  provide  an 
' Intermediate  support  for  long  slender 
bars  being  machined  between  centers? 

1.     Taper  attachment 
'2.  Collet 

3.  Drill  chuck  , 

4,  Center'*  rest 

What  attachment  iif  Used  to,  back  up 
work  of  small  dlamctet  t6  geep.  it  from 
springing  under  th^  streak' of  cutti>i^? 


1.  Follower  rest 

2.  Centering  rest 

3.  -Taper  attachfnent 
A.  Collet 


11-  36.    Which  attrtchmtnt  lndiciit«0>ointii  at 

Vhlch  the  hnif^nutH  b«><^grtg«d? 

1.  Carriage  »top 

2.  Poiiow«r  r«!st 

3.  Cent«r  r^^t 

4.  ^hreWilcflal  indlcrttot 

12-  37.    Repeated  mfaauremente  of  the  aame 

dimension  are  eliminated  by  the  use 
of  the  ♦ 


L 


.12-42, 


Vftiich  of  the  following  ie  N9T  a  roaJ6r 
factor  in  designing  and  grinding  a 
cutting  tool? 

1.  Property  of  the  material  to  be  cut 

2.  Type  of  cut  to  be  taken 

3.  Compoaition  of  the  cutting  tool 

4.  Deaigri  and  shape  of  tool  blanks^ 

IU>w  does  a  metal-cutting  tool  do  its 
Job?  .  ♦ 


12-38. 


12-39. 


12-40. 


1.     thread  dial  indicator 

"2  •  ~  cenleF  rei t  *  " 

3.  follower  rest 

4.  carriage  stop 

Whit  device  holds  the  work  between 
poinlrs  so  it  trtkn  be  turned  accurately 
on  llts  axia? 

1.  l\hread  d^al  indicator 

2.  La^:he  center 

3.  Follower  rest 

4 .  Center  rest 


How  can  ydu  tell 
dead  center? 


ive  center  from  a 


i. 


3. 


Only  the  dead  center  has  a  groove 
around  ^he  hardened  tail 
Only  the  dead  center  revolrves  with 
the  work 

Only  th|  live  center  does  ,not  turn 
'^with  ttW.  work 

•Only  the  live  ceAter  has  a  point 
finished  to  an  angle  of  60** 


You  are  machining^  a  part|ithat  requires 
all  finished  external  surfaces  to  run 
true  with  a  holfe  which  extends  through 
the  part  .jt^Which  device  will  you  need? 

rfandi^l 
Center  rest 
Follo^r  rest 


1. 
2. 
3. 
4. 


1,     It  rips  the  metal  apart 

^        2^  ~T^~pushea  the  metal  apar^  " " 

3.  It  wears  the  metal  down 

4.  It  melts  the  metal 

12-43.    Thei^part  of  the  tool  behind  the  cutting 
edge  is  called  the  .  ^ 

1.  bit, 

^  2.  blank 

K  shank  *  > 

,  4.  rake 


In  Items  12-44  through  12-47  matKh  the  term  in 
column  A  with  the  definition  in  columrt  B. 


12-44, 


12-45. 


A.  Term 
Back  rake 
Side  rake 


12-46.    Side  relief 


12-47.    Epd  relief 


Lathe  center 


LeAning  Objective :     Identify  the 
featu^S  and  functions  of  cutting 
toois^uilt  into  -the  lathe  when 
it  was  designed,  and  ^describe 
the  process  of  grinding  cutting 
tdols  from  tool  blanks.  Text- 
book pages  9-22  .through  9-28. 


B.  De 


f3hi 


tion 


4. 


The  angle  at  whiph 
the  face  of  the  tool 
is  ground* away  with 
resp^at  to  f.ht  top 
surface  of  ^he  tool 
bit  * 

The  angle  that  the  - 
side  or  flank  of  the 
tool  is  ground  so 
that  the  cutting  ^ 
^figt  leads  the*  flank 
surface  during 
cutting 

The  angle  at  which  , 
the  end  surface  of 
the  tool  is^ ground 
so  that  the  end  face 

ige  of  the  tool 
clears  the  work 
being  turned 

The  angle  at  which 
ttie'face  is  ground 
with  respect  to  a 
planf  pai^llel  With  ' 
th^  top  surface  of 
the  tool 


f 


■  \ 


12-48.    What  r«cllu«  on  th«  tool  nost  ii  ' 

•«tl«(«ctory  for  rough  tiirwliiy  In  mo«t 
opcicn.l  #hop»?  y 

1.  1/64  In. 

2.  1/32  In. 

3.  1/16  In.  .  ■ 
A.  1/8  in. 

•  « 

The  ttepg*  In  the  tool  grinding 
'  procodtirc  are:  , 

A.  Grind  the  and  cutting  edge  «ngle* 
7ia«rr»diUi»  And"  end  feTTe? .  ~ 

B.  •Form  the  «i4e  cutting  edge  Angle 

end  side  relief. 

C.  .Hope  the  cutting  eurfaceg  with  an 

oilstone. 

.a' 

D.  Grind  the  aide  rake  and  back  rake 
1  angloH. 

Whet  is  the  correct  sequence  of  these 
,  steps? 

*         1.     B.  A,  D,  C  *  f 

2.  B,  C.  D  * 

3.  A,  D,  C,  B 

4.  B.  C,  D,  A 

12-50,  The  rate  at  which  the  surface  of  the 
work  passes  the  point  of  the  cutting 
tool  is  called  the 

1.  cutting  speed 

^  2.    cutting  rate  * 

3«     cutting,  feed 
4.     tool  feed 

12-51.    What  is  the  cutting  speed  foi;  a  3-inch 
diameter  piece  turning  at  100  rpra?^ 

1*.      52  fpm         *  ^ 

2.  '523  fpra 

3.  78  fpm 

4.  785  fpm 

12-52.    the  amount  the  tool  advances  in ^each 

.  revolution  ot  the  work  is  the  definition 
^or 

1 .  feed 

2.  work 

3.  input  ' 

*4.    cut    •*  ,  > 
12-53.    Peed  is  usually  expressed  in  s 

1.  hundredths  of  an  iAch  per  revolution 
of  the  spindle 

2.  thoussndths  of  an  inch  per  revolution 
of  the  spindle    •  "  V 

*  3.    tieAths  of  an  inch  peV  r^j^lutton 

of  the  spindle  / 
4,    ten-thousandths  of  en  4nch  per* 
^  revolution  of  the  spindle' 


1*^-54.     If  ateei  can  be  rough  turned  dry  at 

60"  fpm,  flooding  it  a  good  cutting 

lubricant  will  Increase  Us  turning 
-  speed  by 

1.  10  fpm 
r2.  .20  fpm 

3. ^    30  fpm 

4,  40  fpm 

12-55.    Which  of  th^se  metals  has  the  slowest 
rough  cutting  speed  with  a  high-speed 

»te(|L^JtiL^    ,    -  -- 

4.  AViminum 

2.  Brass,  « 

3.  Machine  steel 
*             4 .  Bronze 

12-56,    To  increase  productivity  when  you  rough 
parte  down-*to  slKe,  you  should  ^ 

1.  >iae  the  greatest  depth  of  cut  and 
feed  per  revolution  that  the  Job 
will  allow 

2,  use  the  least  depth  of  cut  and  feed 
per  revolution  that  the  Job  will 

K    ^  allow 

.3.    use  tools  that  permit  higher  feed  ' 
at  the  same  speed 
4.    reduce,  the  time  to  complete  the  Jofc^. 

^  12-57.  •  A  finish  turning  operation  uses  a  ' 
higher  surface  speed  than  a  rough 
turning  operation.     How  much  higher? 

1.  25X 

2.  351: 

3.  50Jt 

4.  60X 

12-58t    Whf t  m^e  the  main  reasons  for  using  a 

^    cutting  lubricant? 

1.  To  cool  and  lubricate 

2.  To  polish  and  hone 

3.  To  lubricate  and  moderate 

4.  To  cooL  and  govern 

12-59.    What  is  the  recommended  lubricant  for 
threading  in  all  steels  and  cast  iron? 

1.  Keroliene  mixed  with  oil 

2.  Mineral  lard  oil 

3.  5%  solution  of  soluble  oil 

<r.    lOX  solution  of  soluble  oil  - 

l?-60.    How  often  should  lathe  ways  be  oiled? 

1.  Monthly 

2 •  Weekly 

3.  Every  other  day 

4. .  Daily 
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if 


I.QArntriR  Obioctlve:  Trnco 
iil^montu  of  l«the  opcrntlon, 
such  na  mounting  work,  c«ntrortng 
tho'Wor|t9  and  tvirning  between 
c«ntani.     Textbook  pagca  9-28 

And  9-29. 

♦ 

12-61.  Before  ydXi  begin  to  machine,  study  the 
blueprint  of  the  piece  to  be  made.  . 

,  .    _  The  blueprint  will  toll  you  all  EXCKP'? 

which*  of  the  ^followliig  factors? 

1.  Dlmeyelons 

2.  Reference  points 

3.  ^   Beat  procedure 

4.  Sl7,o  of  stock  needed 

17^62.  Whetl  more  machinftig  is  to  bo  done  on 
round  stack  tuj-ned  to  finished  size, 
the  roost  practical  mcrthod  of  holdli^ 
the  work  is  to  use  a  . 

1.  collet 

2.  lathe  center 

3.  center  rest 

4.  follower  rest 

12-63.  The  diameter  of  the  Couittersunk  hole 
for  stock  1  1/4  to  2  inches  should  be 

1.  1/8  in. 

2.  3/16  in. 

3.  1/4  in. 

4.  5/16  in. 


Learning  Objective:    Recognize  the 
requirements  and  steps  ^In  setting 
the  tool  in  lathe  operation.  Text- 
book pages  9-29  through  9-33. 


12-64.    Wliat  is  likely  th«  greatest  cause  , of 

chatter  In  machine  tooling? 


Insufficient  lubrication  . 
Too  little  speed 
Too  much  -cut 
Too  much  speed 

If  you  want  to  reduce  the  diameter  of 
a  piece  by  .013  inch,  ydu  iHust  remove 
how  muc\{  from  tha  surface? 


^0050  in. 

.OTOO  in, 
.0075 

.0100  In. 


12-66. \  You  should  take  a  finishing  cut  when 
the  stock  has  been  turned  to^withln 
how  much  of  the  finished  sire? 

1.  1/16  in. 

2.  1/32  in. 

3.  3/64  in. 

4.  3/32  In, 

12-6?>.     Pacing  is  the  machining  of  the 

1.  end  surfaces  ar\d  shoulders  of  a 
workpiece  , 

2.  sides  of  a  workpiece 

3.  top  of  a  workpiece 

4.  diameter  of  a  workpiece 

12-68.  ^  For  greater  accuracy  In  obtaining  ^ 
given  sice  in  finishing^  a  fact,  the 
compound  rest  may  be  set  at  30* «. 
In  this  position,  one-thoueandth  of 
an  Inch  will  ittove  the  tool  how  much 
into  the  work? 
-*  • 
1.     .0005  In. 
?.     »001  In. 

3.     .002     fn.  "         '  , 

-A.     .05  In. 
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Assignment  13 

M^chln#  Tool  Op^rjtjjjn  (Continued);  Optical  and  Navigation  Kgulprocut 
T«Ktbook  Aaiilgnt«ent :     Pag«ft  9-33  through  10«20 


13-1. 


13-2. 


13-3. 


Lyrnlng  Objotjtlvo:  Identify 
the  ciPltlcttl  steps  in  boring, 
part iculJrtr^tht  aspects  of  a 
successful  taper,  and  solve 
simple  mathematical  problems  ' 
related  to  boring  and  tapering 
operations'.     Text1)ook  pages 
9-33  through  9-36. 


When  a  piece  of  work  must  be  reamed  to 
exact  size  and  the  correct  drill  is  not 
available, -borini  should  be  done  to 
within  how  much  of  the  finished  size? 

1.  1/32  in. 

2.  1/64  in. 

3.  •  3/6A  in. 
A.     3/32  Jin. 

For  machine  operation^,  taper  Is 
expressed  a»  the  amount  of  change 
-in  diameter  over  what  lengthy  regard- 
less of  the  length  of  the  object? 

1.  6  IncheTs 

2.  1  inch^ 

9.     25  centimeters  ^ 

4.  1  foot  ^ 

i 

Find  the  taper  pfr  foot;  of  a  piece  ^ 
3  Inches  in  diameter  at  the  large  end. 
2  inches  in  diameter  at  t^e  small  end. 
and  2  inches  long? 

1.  6  in.  TPF  ,  ' 

2.  2  in.  TPF 
3»  3  in.  TPF 
4.    4  in.  TPF 


13-4.     If  you  want  to  cut  a  60*  lathe  center.^ 
you  must  set  the  compound^  rest  at 

1.  30^^ 

2.  45*  * 

3.  70*^ 

4.  90^ 


13-^5, 


13-6. 


13-7. 


Learning  Objective:    Define  the 
terras  used  in  describing  screw 
threads  and  aerew'thread  systems 
and*  identify  the  procedures  . 
udod  to  calculate  and  machine 
screw  thrisads.     Textbook  page* 
9-36  through  9-40. 


What  type  of  thiWad  is  used  on  bolts 
and  nuts?  ^ 


1.  >  Square 

2.  V-fonn 

3 .  Round 

4 .  Acme 


Which  type  of  screw  thread  can  you-use 
to  Increaee  Hechanirfa;  advantage  and 

provide  good  clamping,  as  in  a  screw 
Jack?-  ' 

1 .  Acme  , 

2 .  Square 

3.  Round 

4. >  V-fortJi 

The  distance  a  threaded  part  movef  Iti 
one  revolution  defines  thread 


X  . 
2. 
3. 
4. 


lead 

pitch 
class, 
form 


ERJC 


\ 
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13-8.    To  What  cLatt  of  thread*  do  ahrlnk  flta 
belong? 

/  ■ 

L.  1 

2.  2 

3.  3 
A/  5 


13-1/*.     To  cut  thraada^lth  13  1/2  threads  per 
Inch,  cloee  the  haAf-nuta  at  any 

'   1.  line  on  the  dial 

2.  even«*numbered  line  on  the  dial 

3*  odd-nurebered  line  on  the  dial 

A.  1/2  line  on  the  dial 


13-9.    To  cut  a  V-fona  ecrew  thread »  you  need 
to  know  the  width  of  Che  flat  at  the 
root  of  tHe  thread,  the  straight  depth 
of  the  thread,  the  elant  depth  of  the 
 thread  7- 

1.  pitch 

.2*.  root 

3.  cr4et 

'  A.  eerlea 

13-10.    What  chanicteriatic  of  a  thread  is  the 
baaia  for  finding  all  other  thread 
d  imenaione? 

I. 

1.  Series 

2 .  Form , 
'    -  3.  Pitch 

A.  Root 

L3-ll.         the  number  of  threads  per  inch  is 
12,  what  is  the  depth  of  the  external 
thread? 

1.  12  X  0.6JL3A3 

2.  12  X  0*5A127 

3.  1/12  X  0.5A127 
A,     1/12  'X  0.613A3 

13-12.    To  produce  the  correct  thread  profile, 
the  cutting  tool  must  be  ground  to 

1.  A5*  with  0*  back  rakn 

2.  60^  with  0*  back  rake 

3.  A5*  wl^th  10*  back  rake 
A.  60'  wit^  10*  hack  rrfke 

13-13.    An  Opticalman  not  very  proficient 
at  threading  should  flways  put  the 
lathe  in  back  gear  and  turn  the 
headstock  at  about 


13-15, 


13-16. 


13-17. 


30  rpm 
A5  tpm 
60  rpm 
75  rpm 


Learning  Objective:    Recogni«e^  the 
precautions  applicable  to  safe 
operation  of  the  lathe.  Textboo^ 
puget  9^40  and-^41.  


When  operating  machine  tools,  what  is 
your  reAponalbility  towat^d  personnel 
observing  your  operation? 

1.  Remove  personnel  to  f  safe  distance 

2.  Ensur«v  that  they  do  not  distract  you 

3»     Botl^  1  and  2  above 
A.    Notify  them  that  you  are  not 
responsible  for  their  safety 


Which  of  these  is/are  unsafe? 

1 


/ 


Stopping  a  machine  with  the 
control  switch 

2.  Haiiitaining  a  machine  in  adjustment 

3.  Making  fine  adjustments  while  a  « 
machine  is  in  operation 

A.    All  of  the  above 

Where  should  gear  covers  and  safety 
guards  be  kept? 

1.     Stor4  them  to  keep  them  available 
2k    Remove  them  but  for  certain 

operations 
3^   Make  sure  they  ar^  In  place 
A.    Use  them  just  for  novice  machine 

operators 


Learning  Objective:  Identify  the 
typeSi  purposes »  and  functions  of 
milling  machines  and  the  itandard 
equipment  provided  with  milling 
machines  in  Navy  ships.  Textbook 
pages  9-41  through  9-A6. 


13-^18.    When  the  workplace  must  be  set  up  at  a 
complex  angle  'in  relation  to  the  axis 
of  the  spindle  and 'to  the  table  eurface» 
which  type  of  vise  should  be  used? 

1.  Swivil 

2.  Flanged  plain 

3.  ToolnMker's  swivel 

A.    Toolmaker*s  universal 
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13-19. 


What  la  th«  purpoaa  of  tha  concantrlc 
clrclaa  of  holaa  In  tha  Indax  plataT' 


1. 
2. 

3. 
A. 


To  control  rotary  dynamlca 

To  provlda  balanca  to  tha  Indax 

^!!^*^^  totary  to  angular  value 
To  i^tqjlt  gaging  of  partial  turng 
of  t\\m  worm  shaft \ 


13-20.    What  la  tha  valua  of  tha  anallaat 

gradua\fon  on  tha  worktabla  ahovn  In 
^Sur*  9^60       tha  t*»tf  ,  - 


1. 
2. 

4. 


1* 

1/2* 
1/4* 
0* 


Laarnlng  Objactlva:     Want  If  y  tha 
prlnclplaa  and  proca^ur^a  of 
milling  machlna  oparatlon;  racogniia 
tha  varloua  attachaanta,  appllca-  ^ 
tlona,  and  planaa  of  nova«ant 
avallabla;  und  racognlza  milling 
machine  aafaty  precautlona.  Text- 
book pagaa  9-46  through  9'-54. 


13-21, 


In  how  many  dlractlona  does  the  milling 
machlna  table  move? 


1. 
2. 
3. 
4. 


Ona 

Two 
Six 
Four 


13->2. 


Which  method^lJluatrated  In  figure  9-64 
of  the  text  li  the  moat  accurate  for 
poaitlonlng  a  Sutter? 


13-25. 


1.  A 

2.  B 

3.  C 

\4.  D  ^ 

13-23.    Which  aafety  precaution  should  you 
practice  aa  you  use  qiethod  A  in 
flgura  9-64  of  the  text? 


Inaart  a  atrip  of  paper  between 
the  cutter  and  the  aide  of  the 
irorkpiece  ' 
Sta^t  t,he  cutter  turning  alowly 
Hove  tha  workplece  into  poaltlon 
«g  ihown 

Ke#p  your  handi  claar  of  thf  cutter 
when  uaing  the  papar 


13-24.  All  EXCEPT  which  of  the  following  ia 
factor  in  finding  the  corVect  cutter 
apead? 

1.  The  harder  the  metal  being  cut ^  the 
^alower  the  cutting  apeed 

2.  Carbide  tooth  cutters  may  be 
operated  50X  to  lOOX  faater  th«n 
high^apaed  at;ael  cuttara 

3.  Cutjtera  with  a  radial  face  cut 

more  freely  than  thoa#  with  undercut 
teeth 

4 .  •  ^fiaFp  cut  tM^ 

lilghar  apeeds  than  dull  cuttara 

Why  do  carbide  tooth  cut'tera  tolerata^ 
higher  apeeds  than  hlgh-ap*ad  ateel  ^ 
cuttara?  \  > 

■  ^ 

1.  They  have  harder  teeth 

2.  Thay  have  mote  teeth 

3.  They  have  a  rgdial  iace 

4.  They  resist  heat  bettep 

Which  of  the  following  metala  haa  the 
hlgheat  aurface  cutting  apeed^ 

1  *  Braaa 

2.  Aluminum  ^.  , 

3.  Malleable' cast  iron 

4.  Low  carbon  ateel 

13-27.,   What  ia  the  cutting  apeed  of  a  2  1/4-- 
inch  and  mill  turning  at  i50  rpm? 

1.  88  fpo  ' 

2.  120  fpm 

3.  344  fpm 

4.  662  fpm 

How  do  you  reduce  chatter 'in  the  millittg 
machine  during  tha  cutting  proceaa? 


13-26. 


13^28. 


2. 
3. 
4. 


Raduca  tha  apeed  and  Increaaa 
the  f«t4 

Raduca  80th  tha  apalnl  and  feed 
Increase  both  the  apead  and  feed 
Increaaa  the  speed  and  r«duce  the 
feed 


2, 
3. 


13-29.    Whifch  divlaion  can  NOT  be  found  Jin 
direct  indexing? 

1.  6 

2.  8 

3.  9 
.  4.  12 
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13-30. 


If  yqu  n««d  to  dlvid«  a  pi«c«  of  work 
Intd  tight  aquAl  parts »  uatng  rapid 
Indexing^  what  la  tha  nu«bfr  of  hplaa 
to  advanca  t^  Indax  for  aach  cut? 


13-36, 


3^ 


six 
Elgh^ 
T)irea 
four 


13-37, 


13-31, 


1 


^If  alght  dlvlalona  ara  raqulrad»  ualng 
plain  Indax lng»  how  many  complata  turna 
xrf-  th«  Index  xiranlr  ara-Ttaadad— for  «ch 
dlvlaion? 

.1.  } 

2.  8  . 

3.  10 

4.  A 


13-32.     Simplify  A8/72.V 


.13 

N 


■38, 


1. 
2. 
3. 
A. 


6/9 
2/3 
3/2 
12/18 


( 


l>-30.    What  la  the  conatant  when  you  convert 
'  degrees  to  minutes? 


13- 


13 


1. 
2. 
3. 
A. 


Time 

Distance 

Rate 

60 


Convert  35'15'  to  minutes. 

i;  35  l/A* 

2.  35  1/A*  X  60' 

3.,  2100' 

A.  2115'  , 


13- 


Laarning  Objective:  Identify 
the  princlplea  of  conatruction» 
disaaaeBbly»  infpecjtion*  cleaning» 
repair  and  reaaae«bl^  of  the 
parallel  notion  protractor  (FMP) . 
Textbook  pages  lOrl  through  10-4. 


13-35.    On  a  parallel  tiotion  protri^ctor  (PHP) 
the  conponenta  of  the  acale  lock  and 
the  protractor  lock  are  interchangeable. 


13-42, 


PHP  band  covera  are  hald  between  the 
elbov  bracketa  and  the  head  bracket 

and  the  fork  bracket  by  . 

1 .  lockacrewa 

2.  croeapina 

3.  friction 

4.  formed  steel  retainers 

Before  releasing  tension  on  the  banda 
^f  a  PMP»  which  of  the  following  atepa 
ahould  you  take? 


1.  Unlock  the  protractor  i 

2.  Squeeze  the  band  covera 

3.  Turn  the  upper  and  lower  tubes 

4.  Hold  the  thruat  acrews 

When  the  elbow  bracket  ia  djiaaaaambled* 
the  bearinga  (part  70  in  figure  10;t2C  ^ 
of  the  text)  will  remain  on  the 

1.  upper  and  lower  elbow  bra<;ic!eta 

2.  elbow  pulley  ^ 

3.  lower  brake  ahaft 

4 .  elbow  apindle 


39.    How»  if  at  all»  are  PMP  bearinga 
inspected? 

1.  By  a  viaual  check  only 

2.  By  rolling  them  with  your  fingera 

3.  By  rolling  them  on  their  apindlea 
A.    No  inapection  ia  neceaaary; 

bearinga  atf  alwaya  replaced 

AO.    Which  or  the  following  defecta  can 
.   affect  parallel  motion  of  t^e  PMP 
acale? 

1.  Different  aize  pu).l«ys 

2.  An  eccentric  pulley 

3.  io^li  1  and  2  above 

4.  A  looae  elbow  brake 


13-41.    What  ahould  you  do  to  reatore  a 
broken  PMP  band? 

1.  Select  a  nev  nUtching^^band  from 
"^atock  '  \ 

2.  Break  the>other  batwl^  trim  both 
to  matching  length,  and  re-veld 

3.  Square  the  broken  enda»  weld  the 
break,  and  dreaa  the  weld 
Dreaa  the  broken  enda»  overlap  the 
band«  and  ailverJbolder  the  band 


4. 


After  cleaning  and  pj^inting  a  PMP,  you 
abound  lightly  lubricate  all  metal 
componenta.  '  ' 


ERIC 
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13-43.     If  th%  8c«i«  lt)ck  tnd/or  protractor 
lock  Is  not  properly  po«ltlon«d  wh«n 
lock«d»  whUt  Action  ihould  you  tAk«? 

1.  Rmov«  th«  "L'*  nut,  rMeat  tht 
bushing,  and  ressat  the  "L"  nut 

2.  Rmova  th#         nut,  rsplacs 

tha  buahlng  with  a  10-32  scraw  and 
raaaat  the  "L"  nut 

3.  Reoove  the  'X"  nut  and  bu«hlng 
and  replace  the  scale  lock  with 
a  10-32  scre*f 

A  ^    Raaova-  the-        nut -and  buehin^ 

and  sKim  or  macklne  the  scale  lock 

13-A4.    The  final  th#ck  for  accuracy  of  a  ^ 
PMP  involves  comparing  the  paralleliatn 
of  lines  drawn  with  the  elbow  bracket 
in  two  different  positions. 


Learning  Objective:    Name  and 
identify  parts  of  the  Navy's 
maghetic  compass;  and  recognize 
kteps  in  the  inspection*  dis- 
assembly »  repait  and  assembly, 
and  testing  and  adjustment  of 
the  magnetic  compass.  Textbook 
pages  10-4  through  10-12. 


13-48.    If  a  compass  card  is  tilted  and  there 
la  no  bubble  under  the  cover  glass, 
what  Is  the  probable  cause  of  the 
problem? 

1.  A  leaking  expansion  chamber 

2.  A  leaking  float 

3.  Shifted  magnets 

4.  Shif(^  compass  card 

13-49.    While  you  are  testing  the  period  of 
a  compass,  the  stops  in  the  _ 

Widens  oT  Its  swlngT^^^  V^^^ 
this  problfm? 

1.  Th«  compass  pivot  is  worn 

2.  The  magnets  are  weak 

^  3.    The  ^ivot  Jewel  is  broken 

4 .    The  expansion  chamber  has  a  leak 

13-50.    When  removing  the  besel  ring  from  a 
aqmpasa,  why  should  you  loosen 
opposing  screws? 


13-45. 


13-46. 


1:3-47, 


What  is  tha  purpose  of  the  fluid  in 
a  Compass  bowl? 

1.  Increases  the  weight  .of  the 
float  assembly 

2.  Stabillxes  the  float  assembly 

3.  Increases  the  effectiveness  of 
the  magnets 

4.  Both  2  and  3  above 
\" 

What  components  are  located  on  the 
float  assembly  of  a  magnetic  compass? 

1.    Float,  compass  card,  pivot, 
Mgnets 

2*    Compastt  card,  magnets,  expansion 
chamber,  pivot  jewel 

3.  Bar  magnets,  pivot  tip,  c9mpa8s 
card,  expansion  chamber 

4.  Pivot  Jewel,  .float,  compass  card, 
magnets 

The  expansion  chamber  on  a  compass  Is^ 
always  sealed  and  surrounded  by  liquid. 


13-51 


13-52. 


13-53. 


13-54, 


1, 
2. 

3. 

4. 


To  prevent  breaking  the  b^zel  Mge 
To  prevent  spilling  the  compass 
liquid 

To  prevent  warping  of  the  compass 
bowl 

To  prevent  breaking  the  cover  glass 


How  is  the  expansion  chamber  sealed 
to  the  compass  bowl? 

1.  A  b^MMMPfKl  a  :^ead  washer  on  top 

2.  TwolDead  washers 

3.  Two  bras9  washers 

A.  A  metal  cover  neld  with  scravs 

The  <i9vlit  that  protects  the  expaitslpn 
chambar  should^  be  raplaced  in  its 
original  position  to  maintain  the 
balance  of  the  compass. 

What  should  you  do  to  recondition  a 
compass  , pivot  point? 

f 

1.  Shape  with  a  file  and  polish  with 
*   a  stone  to  a  radius  of  0,005  inch 

2.  Shape  and  polish  the  pointr^wlth 
stones  to'  a  0.005-inch  radius 

3.  Cut  th*  point  down  on  a  lathe  and 
polish  tha  point  with  0.005  grit 
emery  cloth 

4.  Sharpen  the  pivot  to  a  needle 
point  with  an  oilstone 

A  compass  float  can  be  tested  for  ♦ 
leaks  by  submerging  it  in  water 
cooled  to  42*F.  * 


I  9 


13-33.     If  •  compaaa  float  h««  i««k«.  th^  leaks 

•houid  nQt  be  iol^ered  until  the  Qoet 
:)(  ie  dry  4nd  the  eurfec^  hae  been 
prepereh# 


13-58. 


13-60. 


t\  v;uin|>«««^  float  can  be  balanced  by 
adding  or  removing  aolder. 

What  condltion(a)  oniat  be  met  before  ' 
the  cover  glaai  oan  be  replaced  on  a 
compaaa?  1 


13-56.    A  compaa 


13'-\7. 


1 


13-59. 


Th«  "Hit  T^5T  The-  flwei  iRUi^t  be 
amooth 

2.  The  aeaty for  the  gasket  must  be 
clean  and  dry 

3.  ]^he  gaaket  land  glaae  aeatlng 
aurfapea  must  be  clean,  flat,  and 
anooth 

4.  The  glaaa  and  gaaket  muat  be 
acraped*  and  poliahed 


The  compaaa  card  la  made  concentric 
with  the  inaide  of  the  compaaa  bovl  by 


1. 

\ 
2. 
3. 
4. 


meaauring  the  diatance  from  the 
pivot  to  the  edge  of  the  bovl 
bending  the  compaaa  card  eupporta 
adjuating  the  pivot  eccentric  nut 
bending  the*  pivot 


tlorTia 


In  what  condition  ia  Ehe  reassembled 
comi^aaa  when  you  teat  for  leiV^s  around 
Che  bezel  ring? 


la  i^bivi^i 


3. 


4. 


The  compaee  la  lamped  in  warm 
water  to  check  for  bubblM 
The  bowl  ia  completely  filled  and 
teeted  under  a  vacuum 
The  bowl  ia  alightly  pressurized 
check  for  lesking  fluid 
The  bowl  is  nearly  fulJL  of  liquid 
and  you  have  a  slight  vacyum  in  the 
air  apace 


to 


13-61 


13-62. 


13-63. 


13-64. 


13-65. 


Even  though  a  compaaa  bowl 
filled  with  liquid  after  aa 
air  bubble  may  appear  due  to 


completely 


1.  temperetuYe  changea 

2.  a  leaking  float 

3.  tr)ipped  air  in  the  liquid 

4.  a  leaking  expahaion  chamber 


Learning  Objective:  .Identify  the 
construction  features  of  s«imuth 

bearing  circlet »  tnd  recognise 
the  a taps  in  repairing  and 
adjuating  theae  instruoients  used 
in  navigation.    Textbook  pages 
10-13  through  10-18. 


The  true  bearing  of  an  object  eight ed 
vith  a  bearing  circle  can  be  read 
directly  from  the  bearing  ring. 

Inaccurate  readinga  taken  with  an 
azimuth  circle  could  be  caueed  by  ^ 

which  of  the  fpllowlng  errora? 

1.  An  eccentric  bearing  ring 

2.  Improper  adjustmsnt  during  ovsrhaul 

3.  An  incorrectly  leveled  inatrument 

4.  All  of  the  above 


The  front  eight  and  black  mirror  of  en 
azimuth  circle  pivot  on 

1.  a  common  friction  fitted  pin 

2.  two  tapered  pins  attached  to     -  * 
t^e  penta  prism  box 

3.  two  pins  attached  to  ths  front 
sight  bracket 

4.  dowel  pins  through  the  pente 
prism  box 

A  cylindrical  lens  ia  ueed  on  the 

azimuth  circle  at 

y 

the  rear  eight  vane 
the  rean  eight  vane 
the  rear  bight  vane 
the  rear  eight  vane 


1. 
2. 
3. 
4. 


180** 
120**  to 
360**  to 


to 
to 


Prior  to  collimating  an  acimuth  or 
beating  circle »  the  collimator  etand 
muat  be  levelled  and  the  dumb  line 
muet  be  pointing  directly  at  the  light 
eource. 


Learning  Objective:  Identify 
the  construction  fsaturss  of  a 
StadimAter,  and  outline  the 
proceduree  for  repairing  and 
adjusting  the  etadimeter.  Text- 
book pages  10^18  through  10-*20. 


13-66.    What  condition  of  ths  horiaon  and 
index  mirror  allowa  for  aligning 
the  mirrore  of  a  atadlmftter  parallel 

to  each  other?  * 


1. 


r 


4. 


The  index  and  horizon  mirrors 
can  both  be  tipped  and  rotated 
The  index  mirror  can  be  tipped 
and  the  horizon  mljtror  can  b« 
rotated 

The  two  mirrors  can  bs  rotated 

but  only  the  horlson  mirror  csn 
be  tipped  ^ 
The  two  mirrors  can  bs  tipped » 
but  only  the  horlson  mirror  can 
be  rotated 
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What  factor(«)  aff«ct(«)  tU  accuracy  13-«>fl  if 

of  a  atadlRMtar?  ^curacy  ij  68.    If  tha  Indax  am  and  carrlaga  do  not 

>^"n  within  0.00Q5  Inch,  th«  indax 

1.  P«rp.ndlcularlty  of  th.  l«d.x  r.placd. 
arm  pivot  axis 

2.  A  inug  fit  b«tw««n  th*  Indax  arm 
and  fraoM 

3.  A  anug  fit  batyaan  tha  carrlaga 
block  and  carrlaga  acrav 

A.    All  of  t4ia  abova         ^  » 


Assignment  14 


Optical  •tt^  Navigation  Equtp—nt  (ContinM^<^);  Wiiht  Vtaion  Sighf  ^nd[  flun»i^ht» 
iMtbook' Attigniiant;    Pagaa  10-20  through  11-12 

4 


laarning  Objactiva:  Indica 
hov  tha  a#xtant  la  built »  n 
ita  parta»  and  ba  abta  to 
rapair  and  adjua't  thia  inatruaant. 
Taxtbook  pagaa  10-20  through  10-23 


lA-1.    for  what  raaaon(a)  ahould  you  NEVER 

ranova  tha  fanala  cantar  fron  a  aaxtant 
frame? 

.  .         1.    Tha  indax  arm  will  bind  in  tha 
frama  guida  alot 

2.  You  will  not  ba  abla  to  ra-cantar 
tha  baaring  in  tha  fraaa 

3.  You  will  not  btt  ab^a  to  nal^a  tha 
cantar  parpandicular  to  t;l>«  fraM 

4.  Both  2  and  3  abova 

14-2.    How  ia  tha  aaxtant  worm  acrtfw  hald  1t>  ^ 
maah  with  tha  rack  taath? 

1.  By  tha  vaight  of  tKa  indax  arm  and 
worm  frama  a 

2.  By  a  flat  afrxMBaarin^  againat 
tha  and  of  tha^Rrm  ahaft 

3.  By  apring  tanaion  'b^wian  tha  indai^ 
arm  and  morm  frama  ^ 

A.    By  fingar  praaaura  on  tha  dia- 
angaging  lavara 

14-3.    Turning  t^ia  micromatar  drum  axactly 

3  4/10  rayolutiona  will  mova  tha  indax 
arm  how  fir? 


1.  204' 

2.  102' 

3.  3*12' 

4.  30*?0* 


14«-4.    What  principla  muat  ba  obaarvsd  with 
taapact  to  lubricant  on  tha  aaxtant 
worm  and  arc  taath? 


1.  Lubricant  muat  ba  appliad  aparingly 

2.  Uaa  light  oil  rathar  than  graaaa 

3.  Lubricmt  doaa  moYa  harm  than  good 

4.  Lubrioint  muat  ba  ranawad  aach 

ovarhiul 


Laarning  Objactiva:    Identify  tha 
parta  and  conatruction  of  tha  GOD 
and  QH  aptglaaa^a;  idfntify  tha 
procedure  uaed  in  diaaaaa«ibling, 
repairing»  reaaaemblying,  and 
collimating  theae  apyglaaaaa. 
Textbook  pagaa  10-23  through  10-29, 


14-5. 


14^6. 


Tha  OOD  apyglaaa  ia  made  moiature  tight 

1.  aetacrawa  and  agaling  compound 

2.  aealing  compound  and  greaga 

3.  threaded  tube  aactiona  and  aealing 

compound 

4«    threaded  tubea,  greaae,  aetacrawa 
and  aealing  compound 

The  poaitive  acht^tic  doublet  objac- 
tiva lena  forma  a  raal»  erect,  and 
diminiahad  image. 

The  lenaea  uaad  in  tt\e  eyepiece  of  the 
OOD  or  QM  glaaa  are  not  interchangeable* 

•  »  ■ 

The  focualng  ring  of  an  OOD  teleacope 
ia  held  on  the  eyepiece  mount  by 

1*    a  aatacraw 

2.  two  lock  rlnga  , 

3,  two  ratgininf  ^ii^I^^ 

4n    a  lock  ring  and  ratHtiing  ring 
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1^. 


How  th«  focu«lnt  k«y,  of  th«  OOt)  or 
(]H  apyglaaa  ••cur«d  to  th«  •y«pl««« 


I. 
2. 

3. 


Scrcm  and  dov«l  pint 

A  longitudinal  alot  In  the  ayaplaca 

iK>unt 

Tvo  acrava 

TVo  dowal  plna 


Slight  acfatchaa  or  pitting  can  ba 
tolaratad  on  any  lana  in^a  apyalaaa 

gXCKPT  th4  ;       _   . 


1. 
2. 
3. 


oollactlva  lana 
objactlva  lana 
aractor  lana 
ayalana 


Ttim  apyglaaa  aractor  lana  can  be 
mounted  either  way  In  the  optical 
ayatam.- 

How  la  mechanical  mldthrow  of  the 
spyglaaa  focualng  mechanlan  aet? 


1. 
2. 


4. 


Rapoaltlonlng  the  focualng^ key 
Maaaurlng  the  midpoint  of  eyepiece 
drawtube  travel  ^ 
Repositioning  the  diopter  ring  to 
•llgn  the  0  mark  with  the  focualng- 
rlng  Index 

Doing  both  2  and  3  above 


During  reaaae«bly  of  the  06D  or  QM 
apyglaaa,  when  la  the  eyeplfce 
lubricated  and  reaaaembled? 

1.  When  aettihg  the  mldthrow  poaltlon 
of  the  eyepiece 

2.  When  adjuatlng  the  fit  of  the 
||^  focualng  key 

3.  After  atttlng  the  poaltlon  of  the 
diaphragm  and  replacing  the  lenaea 

4.  After  aettlng  the  mldthrow  poaltlon 
of  the  fyeplece 

A  fine  wire  la  placed  behind  the 
collective  during  colllraatlon  of  the 
OOD  apyglaai^*  to  aaalat  with- 


1. 
2* 
3. 
4. 


poaltlonlng  the  objective  lena 
removing  parallax 
aettlng  optical  0  dloptera 
aeallng  the  objeetlvr 


14-15.    Optical  lied  dltt|>t«r« 'l*  •rff  Jljn  ,      '  , 
in  OO'D  pr       .pygli^M'bJV     '  / 

1.  ~«dju«eing  t»)*  tt^ctor  ■n4*'obj«fi(Hiv* 

2 .  Bovlng '  th«  itmctot  th*. diVlp- 

3.  ad fuatliig;  eh« -jcol^ctlv*  »ii*>., ,•  • 

direction  th»"  lowg^  Rli«»ii;,4i4t , 

»ov«        '  ^  •  ,      •  '   •  •  •.  ..vv'-  • 


Uamlng  Ob4«ctlvi^;  .Indljcfct*  how  J 
th«  ahlp  t«l«.cop4  And  >|1(<I«<|«  mri  ,^  ,• , 
pup  tog.th.y,  aii^  ld«Atlfy  #t*^  In  "  % 
repairing  ^nd  ■dji$f  tSngVthWfS^fiTttru-  ■  ' 
n«nt«.    t*xtbook  .i^ga^^l1)-29^ 
through  10-34.    ^    "v  "     '  ii.',-. 


14-ld.   'Vihat  typa<t$t      •Veflica^*)  l^/ifee-  ' 
uaed  dh  the  at^p  te^acopk?  \    "  ' 


1.  Raveralbl*  .  ^ 

2.  Variable  power  7 

'  3,  Internal  focusing  .^J^ 

4.  Orthoacoplc  or  K«l|lher 


14-17.     If  the  object ivrf'^f "a  ihlp  t« 
^       needa  to  be  repeal  tinned.  1^ 
this  be  accompllahed?  \ 

1.  Remove  the  leni  artd  uae 'tWcfef  1 
or  thinner  ahlma  -  , 

2.  Shift  apaceta  from  front^  to  r^par 
or  vice  veraa 

3.  Remove  the  front  eight  vane, 
loosen  the'  Ibckrlng,  a<:rew  thf 
mount  In  or  out  *   ^  - 

4.  Recement  the  lena  elAenta 

14-18.    Which  of  the  following  components  ar'f 
mounted  on  the  prlan  box  of  a  ahlp 
teleacope? 

,      1.    Porro  prlam  clutter;  filter 

alisanbly.  and  focualng  aaaembly 

2.  Filter  aaaembly  and  porro  prlam 
cluater  "n^^ 

3.  Eyepiece  and  porro  prlam  cluater 

4.  Rear  alght»  eyeplace.  and  porro  ^ 
prlam  cluater 

14-19.    Th«  clear  filter  utted  In  ■'•hip  tele-. 
,   «eope  helps  to  Improve  target  conttMt. 


M-'20^^  FfrfocAllilng  th«  set  of  •7«pl«c««  u«»d 
with  •  shir  tslMCops  Is  accompll1ih«(l 

by.  •      .       ^  ^  * 

1^    thm  (^•rato 
2.,  •hlMlng 
,      .  ^« '  Machining 

4.  coX>]ifi|itlo] 
*  .  *  \ 

14*21.    A  t«lucopl€  at^dad^         ba  \jsad  to 
mMsura  tha>  r^inga  to^dlatant  objacti. 

alldada  la  aaan  by  tha  pparator  an 
balng  V. 

1.  focuaad  Indapandantly  from  tY]^ 
main  optical  syatam 

2.  auparlmpoaed  on  ^he  main  field  of 
vlav 

3.  'vlalbla  In  tha  upper  portion  of 
tha  main  flald 

4.  tvialbla  in  tha  lover  portion  of 

tha  main  flald 

14-23.    How  many  objactlva  lanaea  are  used  in 
tha  Mk  6'  or  Mk  7  alldada  optical 
syatam?  ' 

1.  Ona 

2.  TVo 

3.  Thraa    ^  - 

4 .  Foi^r  * 

14-24 «     If  thu  Imaga  of  tha  compaaa  card  la 
not  propaijly  aligned  vlth  the  main 
field*  what  optical  element  in  the  * 
Mk  6  or  Hk  7  alldada.  ahould  be  adjusted? 

I  '1.  The  auxiliary  prlam 

2.  The  maln^ prlam 

3.  The  reticle  maak 

4.  .Tkf  aui^lllary  mirror 

14725.     In  th^  iflt  6  or  Mk  7  alidade^  if  the 
Image  of  the  level^viirl  la  allghtly 
out  of  focua,  vhax  adjuatment.  If  any, 
should  you  make? 

1/u  Screw  the  auxiliary  objectlyea  In' 

or  out 

2.    Rapoaltlon  the  main  objective 
.3.    Adjuat*  the  auxiliary  erector a  ^ 
4.    ,None»  no  adju*titfent  la  poaslbla 


Learning  Objac'tlvet    Identify  the 
conatructlon  of  binoculnri*,  ahlp- 
mounted  blnoculara,  and  botaalght 
tel^eecopaas  and  be  .prepared  to^ 
overhaul  or  repair  and  mialntaln^ 
theae  Iqatrumanta',  -textbook.  ^ 
pages  10-34  throujp>7HP6-49.  


14.-26. 


14-27. 


14-28. 


14-29. 


14-30. 


What  feature *of  hand  held' blnoculara 

lllpva.  uaerft  vlth  dlffei^ent  Inter-  

pupillary  dlatfincea  to  uaa  the«^ 
Inatrumenta?   ,  , 

Widely  apacad  objective  lenaea 
A  hinge  beti^aan  the  tvo  teleacopea 

porro  prlam  erecting  ayatem 
Fot!ualng  eyeplecei 

What  characterlatlc  of  7  X  SO  Slnoc- 
ulara  allowg  uaa  of  theae  Inatrumenta 
In  a  Varlet^  of  light  condltlona? 


1. 
2. 
3. 
4.' 


Large  objective  lenaea  ^ 
Vldeiy  aeparated  objectlvea 
Reaaonably  low  magnification 
Coated  optica 


Of  tha  following  binocular a,  which  la 
the  beat  to  use  in  heavy  weather? 


1.  tfk  28- 

2.  Mk  39 

3.  Mk  32, 


The  mechanical  axle  of  A  palt  of 
blnoculat:a  la  esti^bllshed  by  the 

1.  Hinge 

prism  clusters 
3f  ;  eyepieces  and  objectlvea     '  . 
4.    left  and  rlgh^  bodlaa 

PtHlama  in 'the  Mk  45  ^binocular  can  ha 
positioned  by  ^  ^ 

1.  adjuatlng  the  priam  locating  ahoea 

2.  ahlftlng  the  prtam  clipa 

3.  ahlftlng  the  prls«  collar 

4.  adjuiitlng  the  prism  shields 


Sl««  c(>mp«rl«on  of  binocular  prlmnii 
in  nuute  hy 


I, 


4. 


checking  .th©  height  of  tho  reflect- 
ing «urfacoe  of  Adjacent  prlamii 
meaauring  the  length  of  individual 
prlnma  ^ 

moiiauring  the  focal  length  of 
Individual  priana  n)y  using  a  lena 
centering  inatrument  . 
checking  the -height  of^i^trance/ 
emergence  facea  of  ndjfti 


tent  priama 

^y«pi«cc'cella  of.coiinonly  need  Navy. 
blnoculara  are  removed  from  their  cover 
plntuftR  in" the  same  ma^^ner. 


14-34. 


14-35, 


During^  coll imat ion  of  a  pair  of 
binoculara,  you  notice  that  tho  right 
eyepiece  ia  3/32  inch  higher  than  the 
left  when  both  images  are  in  sharp 
focus.     How  can  you  correct  this 
inequality?     *          ,  ' 
{ 

'Use  a  laTTger  prism  in  the  right 
barrel 

Use  a  smaller  prlan^  in  the  left 
barrel  '* 
Either  1  or  2  above 
Use' a  s^iorter  focal  length  objec-* 
tive  In  the  left  barrel 


1. 


Colliraation  of  a  binocular  is  accom- 
plished by  a  combination  of  optical 
.  instruments  to  the  binocular  and 
mechanical  adjustments  to  the 
collimator  fixture. 

What  tolerances  should  you  apply  to 
binocular  collimation? 

1.  2'  divergence,  2'  step, 
4'  convergence 

2.  2*  convergence4-^4'  step, 
•    ,               2'  divergence/  . 

3.  2'  step,  4'  convergence, 
4'  divergence 

4.  0'  step,  0'  divergence, 
0^  convergence 

14-36.    Interpupillary  adjustment  of  the  ship 
binocular  is  SCcomplished  by 

1.  rotating  rhomboid  prisms  in  opposite 
^            directions  . 

2.  rotating  the  eyepieces  in  opposite 
directions  v 
sliding  the  eyepieces  in  opposite 
directions 

using  a  hinga  between  the  eyepjlecee  ^ 


3. 
4. 


14-37.     Collimation  of  the  Mk  3,  mod  2  ship 
blnc^cular  vaVies  from  a  hand  held 
binocular  due  to  the  method  used  for 
adjusting  the  objectives.  ; 

14-38,     How  should  a  boresight  be  used? 


Centered  In  the  my^xxle  disc,- 
focused  on  a  , breech  bar.  then 
focused  on  an  external  target 

Centered  in  the  breech,  focused  on 

a  imirrle  disc,  then  focused  on  an 
internal  target  ♦ 

Centered  In  Th«  bV^ecFV."  Hlgne^  

with  a  muzzle  disc,  then  focused 

on  an  external  target 

Focused  on  a  breech  bi^r  and  aligned 

wit^h  an  external  target 


14-40. 


2. 


4, 


14-39.     How  is  the  Mk  75  borestght  adjusted  to 
provide  a  parallax-f tee  view  of  a 
target? 


Tlie  objective  focuses  on  targets 
between  10  feet  and  infinity  and 
the  eyepiece  focuses  the  final 
image 

The  erectors  focus  on  targets 
between  10  feet  and  infinity  And 
the  eyepiece  focuses  the  final 
image 

Tlie  objective  focuses  on  targets 
between  6  feet  and  infinity  and  the 
ei^epiece  focuses  the  final  image 
The  erectors  focus  oO^targets 
between  6  feet  and  i%nity  and  - 
the  eyepiece  fbcuses  the  final 
image 


3, 


On  the  Mk  8  and  Mk  75  boresights,  what 
is  the  function  of  the  spherical  bear-  ' 
ings? 


2. 


3. 


14-41. 


To  remove  eccentricity  between  the" 
crossline  and  telescope  body 
To  center  the  objective  in  the 
boresight  fixture 

To  allow  adjustment  of  the  line  of 
.  sight 

4.    To  square  the  bore^aight  crossline 

To  prevent  damage  to  threaded  tubes 
in  a  biJresight,  you  shduld  manufacture 
special  retainer  ring  wrenches. 


90 


^9 


1 


r 


What  In  th«  cloteiit  dlatanco  on  which 


li«arnlng  Objectives  Racognli«' 
th«  principle* .of  operation  of 
night  viai6i>  aighta*  Taxtbook 
pages  Il-L  through  '  \ 


14-42'.    A  paaaive  Inatrumentf  ia  6n>e  that  emita 

1*  no  lighl^but  can  be  detected 

2.  no  light  and  cannot  be  detected 

3.  light  but  cannot  be  detected  ' 
A.  ilg^it  and  can  be  detected 

14-43.     How  many 'times  do  pasaive  ^inatrumenta 
amplify  available  light? 

1.  5^000  to  10,000 

2.  20,000  to  30,000 

3.  • 35,000  tQ  50,000 
.    4,     50,000  to  75,000 

14-44. wWhy  la  an  infrared  telescope 'conaider^d^ 
^*<Mi-^ctive  instrument? 


14-^9. 


14-50. 


14-51, 


14-45. 


14-46. 


14-47. 


1. 
2. 


3. 
4. 


It  generatea  a  beaih  of  infrared  to 

illuminate  targeta 

It  can  be  detected  by  the  enemy 

even  without  inf rared-aenaitive 

instruments 

It  cannot  be  detected  by  the  enemy 
It  amplifies  available  light 


X  pasaive  telescope  consists  of  which 
of  the  following  parts? 

1.     Image  intensifier 
Eyepiece  system 

3.  Objective  system    -  ^ 

4.  All  of  the  above 

How  many  atagea  does  the  image' 
Intei^aifier  tube  have?  ^ 


1.  One 

2.  Two 

3.  Three 

4.  Four 


What  weakness  waa  preaent  in  the  older 
type  of  IIT? 

1,'  It  did  not  Amplify  enough 

2 5     It  CoMld  not  be  used  on  all  three 

NVS 

3.  It  wav  too  hfsvy  for  many  usee 

4.  It  would  burn  out  from  too  much 
exposure 


14-52. 


thA 

Mk  36  NVS  can  focus? 

m 

1. 

1  yd 

i 

2. 

;  yd 

3. 

3  yd 

A. 

« yd  , 

What  is  the  focuaing  range  of  'the 

Mk 

37  NVS? 

1. 

3Q  yards  to  infinity 

2. 

40  yards  to  infinity 

3. 

50  ya^ds  to  Infinity 

4. 

60  yards  to  infinity 

\ 

In 

the  IIT,  a.c.  voltage 

is  boosted 

to 

about  how  many  volts? 

1- 

2,800  VAC 

2. 

11,^00  VDC 

3. 

45,000  VAC 

4. 

45,000  VDC 

\ 


What  paVt  of^  the  metascope  converts 
m  invisible  infrared  light  to  a 
visible  image? 

1.  Collective  lens 

2.  Power  amplifier 
3;.  Eyepiece 

4.,  Image  tube  in  the  receiver 

^ 

To  protect  the  repairman  from 
electric  shock  When  disassembling 
an  NVS,  the  voltage  in  the  IIT 
assembly  must  be  discharged. 


Learning  Objective:    Identify  the 
parts  and  describe  the  systems  and 
functions  of  various  gunsight  tele* 
scopes.    Textbook  pages  11-4 
through  11-12.  ^ 


14-53.    What  is  the  magnification  of  the  >fk  67 
gunaight? 

1.  Six 
1.  Five 
„  3.  Three 
4.  Four 

14-54.    A  5  inch^M  twin  mount  haa  how  many 
.  Mk  67  gunsights?  ♦ 

1,  Seven  •  ^ 

2.  Two  '  ^ 
^  3,  Three 

4.  Four 


ERLC 


495 


Ur 55.    Th«  lln«  of  ilght  In  th«  Mk  67  gimnlght 
U  movftble  through  how  many  d«gre«fi 
in  oL ovation 7 


1. 
2. 
3. 
4. 


15  diigraea 
B5  d«gr««a 

90  degroca 
100  d^raea 


lA-56. 


The  ratlci*  of  the  Mk  67  giinalght  la 
l'ocat«d  In  the  *   ,  > 

I.  flrat  Image  i>lane 

2y  aecond  inmge  plane 

3.  Image  plane  of  ^the  eyepiece 

4.  Image  plane  of  aecond  erector 

14-57.    What  ia  the  allowable  displacement  of 
the  horizontal  line  of  a  hfk  67 
toleacopo  at  90'  elevation? 


1. 

2. 
3. 
4. 


I* 

2* 

90* 


14-58. 


14-59. 

14-60 : 


What  part  of  the  Mk  97  teleacope  Is 
rotated  to  provide  an  Interpuplllary 
adjviatment? 

1.     Reticle  ^ 
2..  Objective 

3.  Left  rhomboid  prlam  and  eyepiece 
assembly 

4.  "    Chmpenaator  plate  * 

Vhe  Mk  97  tel-eacope  fa" colllmated  to 
Ita  mechanlciAl  axis.  ^ 

What  la  the  tolerance  ,for  the  Mk  97 
mirror  parallelism? 

1.  0.0075  IfteW 

2.  0.075  Inch. 

3.  0.00075    Inch  . 

4.  ^  0.000075  Inch 


In  Items  14-61  through  14-64,  Nielect  from 
column  B  the  optical  component  thuti  fit  a  the 
telescope  In  column  A. 


14-61.    Mk  100 
w  14-62      Mk  102  Mod  5 
14-63.    Mk  102  Mod  3 

"  s 

.  14-64.    -Mk  11^ 


b/  Optical 

1.  Skew  pent a 

prlam 

2.  Auxin|ry 
objecflkye 

3.  Pe>rTO'^pri8ra 


14-65.    Wl\at  l8  the  magnification  of  the  Mk  102 
teleacope? 

1-     6X  ' 
2.  7X 
3-  8X 
4.  9X 

14-66.     How  many  prisms  does  the  Mk  102  Mod  3 
telescope  have? 

1.  Five 

2.  Two 

3 .  Three 

4.  Fout 

14-^67.    The  entire  Mk  116  or  Mk  102  teli^scope 
is  sealed  and  pressurized. 

14-68.    When  an  autocolllmator  is  Msed  on  a 

Mk  U6  telescope,  which  pf  the  follow-  * 
Ing  conditions  must  exist  before  you 
can  see  the  reflected  image  of  the 
telescope  crossline?| 


1.  The  test  taust  be  conducted  in 
bright  light 

2.  The, elevation  or  traverse  mechanism 
must  be  adjusted 

3.  Reticle  illumlniition  must  be  on 
The  servo  chAber  m'ust  be  covered 
with  a  dark  cloth 
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Assignmcfnt  15 


T«xtbook  Attdlgttreiftnt:     Pagtt«  12-1  through  12-21 


^5-1, 


15-5 


Learning  Objectiv*:  Expound 
the  theory  and  identify  the 
probleroe  and' nolutiont  in  the 
deBign  of  the  submarine  peri- 
scope.   Textbook  pages  12-1 
through  12-4. 


Which  of  the  following  fe«turee  is/are 
neceaaary  in  »  periscope  if  a  submarine 

hopes  to  remain  undetected  while  using 
the  perlsl^ope?  ' 

1.  Reflecting  elements  at  the  top  and* 
bottom 

2.  Sufficient  length 

3.  A  slender  head  section 
4*     Both  2,aifd  3>  above  ' 

15^2.    How  is  the  periecope  protected  against 
, the  bending  effect  of  motion  ^hrougK 
^         the  water  when,  the  periecope  if  not  %n 
us«? 

1*     By  it^  tigid  construction 

2.  By  ite  large  diameter  tube 

3.  By  lowering  the  ecope  * 

4.  By  using  a  flexible  opticil  syetem 

15-3.    The  poeeibility  of  internal  fogging  in  a 
periecope  .is  preven^d  by  making  the 
periecope  completely  waterproof. 

15-4.<  How  is'a  suitable^  field, of  view  obtained 
in  a  periscope? 


1. 

2. 
3. 


By  using  an  upper  telescope 

backwarde  in  the  systei|i 

By  ueing'  a  large  head  prism 

By  usihg  a  lower  teleecope  backwards 

in  the  system 

By  reversing  an  upper  and  lower 
teleecope  in  the  eyetem 


15-6. 


15-7. 


15-8. 


If  a  periscope  ie  designed  with  an 
upper  telescope  of  5X  and  ^.  lower 
telescope  of  25X,  what,  is  the  overall 
power  of  the  instrument? 

1.  1/5X  ^ 

2.  5X 

3.  55X 

4.  6X 

Whfit  feature  of  periecope  design  allows 
uee  of  a  periecope  underway  without 
apparent  target  vibration? 

€ 

1.  A  ssutll  diameter  head  section 

2.  Placing  the  telemeter  In  the  lower 
auxiliary  teleecope 

3.  Placing  the  telemeter  in  the  upper 
auxiliary  teleecope 

4.  Placing  the  telemeter  above  the 
auxiliary  telescopes 

The  device' for  measuring  rangee  with  a 
periscope  ie  called  a 

1 .  telemeter 

2.  rangef inder 

3.  e'plit  lene  % 

4 .  stadlmeter 

How  much  more  power  ie  available  in  a 
periscope  i*i)  high  power  than  tn  low  power? 

1.  1/4  as  much 

2.  1.5  timee 

3.  6  timee 

4.  '4  timee 


When  a  periscope  is  C 
light  ,will  focus  ffrtj 
various  lenses. 


fcrged  with  nitrogen,* 
r  from  the 


.5-10. 


15-11. 


15-13. 


What  Ni^:tor  of  modern  ptrlscop*  d«aign 
Allows  Ch«  raaiui/acture  of  a  «cop«  of 
imy.  rt^Honablts  length? 

!•    Optlcjil  rpLny  componentfi  can  bo 
♦  «ddi»il  of^  r«m#v«d  . 

2.  A  viir table  power  upper  telencope  ^ 
fB  tised  •         ^  . 

3.  Tfi«^8«p^rAtloji  between  erector 
lene«s  c;an  be  verted  ' 

4.  A  *>>lkrteblc  power  lowi^r  teJLescope  * 
\li  l^ned 

Whet  function  doee  the  6th  erector  of  a 
modem  perl^ecope  yerVe? 

1.     It  te  the  focuHing  element  of  the 
scope 

'6.     It  can  be  moved  to  bring 'the  "final 
Image  plane  outside  the  acope  * 
3.     Both  I  and  2  above 
A.     It  Is  one  of  the  components  of 
the  scope  ranging  mechanism 


Learning  Objective:  Identify 
periscopes*     Textbook  page 
12-6. 


'15-15,     Th<»  weight  of  a  periscope  la  supported 

1.  a  hoisting  yoke 

2.  a  hydraulic  yoke  • 

^    3.  the  external  fittings 

4.  the  periscope,  well  bumper 


13-16. 


The  combination  of  numbers  and  letters, 
123KA  43,3/HA,  la  used  to  describe  a 
periscope's 

1.  serial  number 

2.  design  designation 

3.  registry  number  ^  ^ 
deil^n  number 

A  type  8B  periscope  can  be  used  to 
pbserv^  the  area  directly  above  a 
submarine.  ' 


15-17, 


15-18, 


15-19. 


15-20, 


In  a  periscope 'hoisting  yoke»  the  scope* 
and  yoke  are  connected  by  tht 


1. 
2. 
3. 
4. 


cover  r^ng 
hoist  Toda 
split  rings 
hoist  yoke 


When  a  submarine  Is  underway  submerged, 
how  can  the  drag  of  a  raised  periscope 

be  reduced? 

1.  Streamline  the  periscope  * 

2.  Streamline  the  sail  ^ 

3.  Lower  the  periscope  t 

4.  Raise  the  fairing  • 

m 

A  dependent  fairing  will  not  cause  any 
problems  when  a  periscope  Is  removed 
from  a  submarine. 

Wlien  a  periscope  must  b«  removed  from 
a  submarine^  the  Job  can  proceed  without 
further  contact  with  submarine  personnel 

How  many  optical  shop  personnel  are 
usually  involved  In  preparing  a 

periscope  for  removal? 

1.  -iOne 

2.  Six 

3.  Three  » 

4.  Four 


13-14.     A  type  15B  periscope  can  be  found 
f 

1.  second  in  line  or  on  t^he  port  s^e 

2.  second  in  line  or  on  the  starboard 

side  /  r 

3.  first  in  line  or'on  the  port  side 

4.  '^   first  In  line  or  on  the  starboard 

side 


Learning  Objectives    Recognita  the 
correct  methods  of  handling  peri- 
scopes.   Textbook  pages  12-6 
through'  12-9.. 


V.^.^     Learning  Objective:    Identify, the 
'  ■     sequence  of  events  required  to 
•   remove  a  petiscope.  Textbook 
pages  12-9  through 


13-21.    You  have  boarded  a  submarine  to  raise 
a  periscope.    Aft^r  notifying  the 
submarine  4uty  officer,  what  should 
^     you  do  first? 

^-  • 

1.  Inform  your  division  officer 

2.  Hava  enough  p*rsonnal  to  do  the  job 

V  3.    Attach  a  safAty  harness  to  the  ncope 
4,    Make  sure  the  sail  is  clear 
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13-22. 


i5-2A, 


15-25. 


When  A  |>«rlicop«  In  b«lng  clamped,  where 
nhould  th«  clamp«^b«  Locrtt«d? 

1.  At  lenut  18  Irtchen  from  the  outer 
,    tapered  tuba 

2.  No  mor\i  than  18  Inches  beiol/  the 
outer  tAi^ered  tube 

3.  At  ie/^9t  18  inches  from  the 
observing  poeltlon 

No  mor«  than  18  inches  above  the 
outer  tapered  tube 

Tn  what  5rdcr  Bhoirtd  •TrtTimpu  he  nrtatrhed 
to  a  perliscope? 

« 

1.    Two  safety  clamps  first,  then  tl)e 

.   hoisting  clamp  f 
2,.     Hoisting  clamp  first,  then  two 

safety  ciabps 
3.     Safety  clamp,  hoisting  clamp, 

safety  clamp 
A.     Hoisting  clamp,  safety  clamp, 

hoist Ing  clamp 

Even  though  periscope  handling  equipment 
ts  regularly  tested  ^nd  inspected,  you 
should  NOT  use  any  gear  until  you  are 
satisfied  that  it  is'  in  good  working 
order. 


15'.28, 


15-29. 


15-30. 


^chtTS^ 


Vhen>  if  ever»  should  a  cr^trs^^  peri- 
scope be  protected  with  a  wrapping  of 

plastic?  yr^ 


15-31. 


1. 
2. 


Every  ^ime  a  scopcf  ts  pulled 
When  eraery  cloth  irf  used  between 
the  scope  and  clamps 
3.    Wl)en  the  scope- roust  remain  clamped 
while  you  work  on  associated 
equipmertt 
.   fy^  Never 

15-26.    What  must  you  do  before  clampirtg  and 

elevating  a  general  purpose  periscope? 

1.  RetBove  external  fittings 

2.  Disconnect  the  E&E  adapter 

3.  Remove  the  stub  antenna 
.    4..  B6th  2  and  3  above 

15-27.    How,  if  at  aXl»  do  you  match  external 

fittings  with  any  particular  periscope? 

1.    The  serial  number  Is  stamped  on 
th<^  fittings 
^2.    Thii  regiftry  number  is  stamped 
^  on  the  eyepiect 

'    3.    Punch  marks  are  aligned.  betv«4»n 
•cope  and  fittings 
.4.    Matching  ie  not  neceisary;  external 
fittings  are  Interchangeable  \ 


15-32, 


15-33. 


A  periscope  stadlrteter  Is  hol<l  to  the 
'oyebox  with 

\  ,  a  lockr ing 

2.  an  electrical  connection 

3.  spring-loaded  plungers 
A.  four  captive  bajts 

1 

After  removing  the  hoist  yoke*  from  a 
scope,  how  should  you  remove  the  upper 
bearing  race? 


I. 

2. 

3.V 
4. 


Lift  iC  put  of  the  hoisl:  yoJ 
Pry  the  split  rings  out  and^remove 
the  rack 

Tap  the  off  the  split  rings 

l^on>ovo  the  set  screws  and  remove 
the  rac« 


Wlien  all  preparations  for  pulling  a 
scope  have  been  completed,  the 
periscope  should  be  pulled  regardless 
of  the  trim  of  the  -  submarine. 


Learning  Objective:     Indicate  . 
the  elements  of  coordination, 
trainingj  and  proper  auxiliary 
equipment  in  periscope  handling. 
^Textbook  pages  12-11  and  12-12. 


What  purpose  does  a  hinge  carriage 
seVve? 

1.  It  counterbalances  the  ficope 

2.  It  protects  the  scope  split 
ring  groove 

3.  *  It  protecfei|the  outer  tube  pf  ' 

the  peris<^e 
A.    It  allows  ^the  scope  to  be  safely 
lowered  to  a  horizontal  position 

If  the  outer  tube  of  a  scope  is  32  feet% 
long,  where  should  V^blocks  be  located 
when  a  scope  is  in  a  horizbntal 

position?  .  '     ,  V 

1.  8  feet  from  each  end 

2.  10  feet  apart 

3.  12  feet  from  the  center 

4.  4  feet  from  each  end 

A  strong  back  is  used  on  a  periscope  . 
before  the  clamps  or  hinge  carriage  Is 

removed. 


LC 


34.    Whttu  a  perl^copt  In  a  •hipping  containtr^ 
it  to  b«  tr(in«portttd  by  truck  which  of 
this  following  ithonld  b*  done? 

1.  The  «y«bpx  «nd  ghouLd  b«  to  th«  rear 
A             of  the  truck 

2.  A  truck  longer  than  the  thipplnji 
container  ihoul()  be  ueed 

3.  The  taper  aection  should  be  to  the 
rear  of  the  truck 

A.     External  fittiiige  ahoitld  be 
Packaged  aeparately 


35, 


36, 


37, 


38. 


39. 


15-40.    Poriecope  packing  can  he  removed  without 
pulling  the  ecope. 


Learning  Objective:  Recognlte 
the  atepe  in  installing  and 
repacking  perlacopea.  Textbook 
pagea  12-1^  through  12-15.  ^ 


15-41 


Which  of  the  following  con^itiona  ia 
the  moit  important  'consideration  in  , 
replac4ng-a-per-iseo|>^?  


>g  Objective:     Indicate  the 
approved  method  of  packing  a 
periscope. .  Textbook  page^  12-12 
iiqd  12-13. 


1. 
2. 
3. 
4. 


Even  though  the  area  of  a  submarine  hull 
around  a  scope  myst* be  tightly  sealed 
againsl  .entry  of  aeavater,  the  scope  is 

still  free  to  turn. 

Vft)at  factors  affect  the  seal  between 

the  periscope  and  hull  cas-ting  of  a- 
submarine? 

1.  Concentricity  of  packing  aasembly 
components 

2.  Well  formed  chevron  packing 

3.  Both  1  and  ^  above 

4.  Seawtif^r  pressure' on  the  periscope 
outer  tube 

What  Is  the  purpose  of  a  slight 
clearance  between  the  lower  steady 
bearing  and  upper  packing,  ring  of  a 
periscope  packing  assembly?  , 

1.  To  compensate  for  swelling  of  the 
chevron  packing 

2.  To  provide  a  space  fot  lubr teat  ion 

3.  To  allow  water  preasure  to  compress 
the  packing  * 

4.  To  align  the  packing  with  the  hull 
casting- 

Any  inaccuracy  of  the  metaj.  ceaponents 
in  a  packing  assembly  can^be  dis- 
regarde^il  since  the  chevron  packing 
will^compensate  for  auch  error*. 

When  should  the  packing  assembly  be  ' 
removed  from  a  submarine?  ) 

1.  "As  the  scope  is  ibelng  pulled 

2 4  Before  the  scope  is  ^ulle^ 

3.  After  the  scope  Is  Installed 

4.  After  the  scope  is  temoved 


15-4  2, 


Tim©  of  day 

Time  to  complete  the  Job 
Proper' achedullng  ' 
Other  work  in  the  shop 

If  a  periscope  is  being  replaced  with 
a  longer  one,  the  nc\»  scope  should  be 
clamped 


1. 
2. 
3. 


4. 


15-43. 


lower  than  the  original  scope 

higher  than  the  original  scope 

in  the  eame  location  as  the 

original  scope  * 

18  inches  .from  the  outer  taper 

section 


As  a  periscope  is  being  lowered  into 
submarine,  the  person  on  the  sail- 
performs  which  of  the  following 
functions? 


1. 

C2.. 

3/ 

4. 


Forces  the  periscope  into  alignment 
with  the  hole  in  the  sail 
Coats  the  periscope  with  grease 
Secures  the,  periscope  with  a  safcrty 
harness 

Unhooks  the  periscope . from  the 
slings  V     .  ' 


15-44. 


15-45. 


What  is  the  maxflnum  amount  of  clearance 
allowed  between  the  lower  steady 
bearing  and  top  packing  ring? 

1..     1/16  Inch. 

2.  -    1/32  inch 

3.  3/16  inch 

4.  3/32  inch 

Why  are  packing  sticks ^necissaty' in 

repa^iking  the  periscope? 


For  greasing  the  packing  assembly  ^ 
For  inserting  packing  aasembly 
components  into  the  hull  casting 
For'  Measuring  the  clearanee  bet%reen 
the  assembled  pricking  and  lower 
steady  bearing 

For  raiding  the  yoke  coyer  ring 
into  position 
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Son 


# 


15-A6.    Wh«n  you  «rr  ln«c«iilng  various  rlng« 
'of  c'hsVrron  packlitg,  you  •houid  t«k« 
•oa«  pr'ecHut  lonn  Co  avoid  damaging  th« 
packing.  ^ 

i5-A7.    What  la  tha  ra*quirad  oiaarance  >atwaan 
tha  pariacopa  ami  Inataiied  packing 
aaaembly? 

V  % 

1.  1/16  inch 

2.  1/32  inch 

3.  0.006  inch 

•     A.     O.Oi:j     inch  ^ 

15^48r  Onca  a  packing  Job.  has  been  completad^ 
and  tha  acopa  haa  bean  cyclad  up  and 
down  several  t im^a ,  no 'fort her  tasting 
of  the  packing  in  neceaaary. 

15-A9^  Whan  the  periscope  yoke  ia  being^  raiaed 
into  position »  you  should  guide  it  over 
the  eycbox'to 

L.     align  it  with  the  upper  race 

2.  align  it  with  the  yoke  cover 

3.  avoid  catching  a  ^oiat  rod 

4.  prevent ^catching  the  eyebox 


i5-50. 


15-51, 


15-5?, 


Learning  Objective:  Identify 
the  featurea  of  nalntalning 
periscope  external  fittings. 
Textbook  pages  12-15  through 
12-21. 


15-53.*   W^t  componenta  of  a  tlindet  attachm 
would  you  normally  expect  to  repair? 

r.  Ryeftuard  adapter  atuda 

2.  Broken  finder  lev^r  apringa 

3.  Deteriorated  eyeguardu 
,    A.  Both  2  and  3  above 


hment 


15-5A.    Both  filter  elements  of  the  variable 
d#naity  filter  nssembly  it^^e  free  to 
rotate. 

\ 

15-5^>    What'  component  of  the  variable  Penalty 
filter  attii^hjMmt  cauaes.  the  cradle,  to. 
rotate? 


cne  variaoxe 
ate  free  to 

triable  danalt^ 


What  component e  hold  the  eyeguard 
adapter  on  a  periecope  faceplate? 

1.  Detent  plungers  s 

2.  Lockrings 

3.  Three  screwe  ,  ^  * 
A.     Tension  springs 

What  la  the  rtequiri^<t  spacing  between  the 
eyelene  elepente  of  a  periecope  eyepiece? 


1. 
2. 
3. 

4. 


0.001  inch 
O.0O2  Inch 
0,037  Inch 
0.400  Inch 


What  ehouid  you  do  to  threeded  eectlons 
of  sn  sysplscs  asssmBly  as  It  Is  being  " 
rsasssmbled? 

1;  Usss  thrsad  locking  conpound 
2.  Lubrlcsts  ths  thrssds  lightly 
3.1'  Sscurs  the  psrt»  thsn  back  It  out 

1/8  turn 

4.    Sscurs*  the  part,  thsn  back  It  out 

1/4  turn^ 


1.  The  face  ring 

2.  A  screw  attached  to  the  cradle 

3.  The  actuator  sleeve 
A.  Both  2  and  3  above 

15-56.    How  is  the  eyeguard  mount  secured  in 
the  face  ring^of  a  variable  density 
filter  attachment?  . 

1.  Friction  screw  tension 

2.  Thread  sealing  compound 

3.  Sprlilg  tension 

A .     Spring  detents  ^ 

15-57.    When  the  variable  density  filter 

attachmlftnt  is  properly  assembled »  ^the 
Index  marks  of  tjie  filters  should  ^e  . 
in  which  of  ths  following  positions^ 
And  why? 

1.  Aligned  vertically  to  provide 
minimum  light ' tranemleeion 

2.  Aligned  horizontally  to  provide 
minimum  light  transmission 

3.  Aligned  vertically  to  reduce 
glare  with  maximum^ light  t^ans- 
mieelon  * 

A,    At  90*  to  each  other  to  reduce 
gjLare  with  maximum  light  trans- 
mleelon  ' 

15-58,    To  provide  maximum  light  tranemleeion 
through  e I variable  density  filter 
Sssemblyt/the  ectuator  eleeve  le 
jrned  co(interclockwlss, 

15-59.    Whi^  is  tAs  most  Important <precaut Ion 

to  ras^rv^  when  ^ou  ovsrhaul  a  preeeure 
gage  end  velve  aessmbly? 

1.    Replace  the  gage  during  eech 
periscope  overhaul 
.    2.    Avoid  damaging  0-ring  eeatlng 
surfaces 
^    3.    Avoid  damaging  0-rlngs 
4,    Rsplace  only  vorn  0-^rlngs 
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15-60, 


15-61 


f-62. 


A  p«rl8C9P«  focuilng  knob  provldoa  a 
focuH  rrtng«  of  >1.5  dlpptiar!! 

B«foro  A  «cj|)po  focimlng  knob  cui>  crank 
the  6th  erector  Into  camera  position, 
what  mu8t  you  do? 

l»    Turn  th«i  knob  to  the  «top, 
,  ^,  clockwise 

3^.*  Extend  the  gpring-loadod  hai^lo 

3.  ^uii  out  the  detent  plungej-  , 

4.  All  of  the  above  ' 

What  holds  the  focusing  -knob  on  the 

1.  A  retainer  ring 

2.  A  retaining  nut 

3.  Frlct Ion 

4.  Both  2  ^nd  3  above 


15-63.    What  componentii  of  t)ie  focutijii(  knob 
aii8«mbiy  rofate  when  the  knob  la 
^^urned?  \ 


1, 
2, 
3, 


Foiutning  ahaftf  camera  «top» 
focueing  stop 

Focuaing  nut,  focus  knob,  focu« 

atop  ^ 

Camera  stop,  focusing  nut, 

focusing  ^top  s 

Diopter  ring;  focua  knob,  focu^ilng 

nut 


15-6/A     Roplat:oment  parts  for  the  focualng  knob 
^assembly  aire  Interchangeable  and  no 
adjustment  is  necessary.      ,  <^ 

15-65.     The  end  of  the  focusing  shnft  is  slotted 
to  <vllow 

focusing  without  using  t  OCU8 
knob 

tightening  the  focus  shaft  and  knob 

removal  of  the  focus  shaft 

adjustment  of  the  stops  while  the 

focus  knob  assembly  Is  on  the^ scope 


1, 

2, 
3. 
4, 


ERIC 
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Assignment  16 


SubgMirin#  PTlfCQP#»  (Continued) 


Textbook  Asslgnm^nti     Pages  12-21  through  12-50 


lit 


Learning  Objective:    Recognize  the 
•tepe  In  assembling  the  left  and 
right  training  handle  assemblies 
of  periscopes.     Textbook  pa^es 
12-21  through.  12-23. 


16-5.     In  a  type  15  right  handle,  wl 
la  needed  to  check  the  correct 
electrical  function? 


device 


16-1,     If  the  bevel  gears  or  atops  on  the  left 
training  handle  of  a  scope  have  been 
renewed,  the  handle  operation  shpuld 
NOT  be  checled  until  the  handle  la 
replaced  on  the  scope. 

16-2.     Incorrect  -adjustment  of  the  right 

training  handle  of  a  type  2  periscope 
can  cauae  which  of  the  following 
problems?.  ^ 

1.  Incorrect  elevation  and  depression 

2.  Stretched  shifting  tapea 

•  3*    Insufficient  lens  cube  travel 

A.    Both  2  and  3  above 

16-3.    Which  of  the  following  perlecopes  uae 
a  Sfxtant  mark  switch  In  the  right 
training  handle? 

1-  Type  2,  type        type  15 

2,  Type  2  and  type  8 

3,  Type  15  and  type  8 
A.  Type  15  and  type  2 

16-4,    In  addition  to  actuating  a  motor  to 

aiisist  »th  trainings  a  perlscppe,  ^^ow 
•any  othfr  functions  are  Incorporated 
in  a  type  15  scope  right  training 
handle? 

1.  Five 

2.  Two 

3.  Three 

4  Four 


1.  Mlcrometen 

2.  Wiring  harness 
3»  Multimeter' 

4.  Electrical  troubleshooter 

16-6,    What  feature  of  the  stadimeter  dial 

and  drive  assembly  allows  the  repairman 
^     tp  obtain  full  travel  of  the  split 
lenp? 

1.    Special  couplings  betwe^en  the 
stadimeter  and  ^i^ope 
^     2.    An  adjustable  8tdl>  on  the  stadimetsr 
drive  shaft 

3.  An  adjustable  stop  on  the  stadimeter 
In-out  lever  '.\  ^ 

4.  Special  couplings  on  the  stadimeter 
drive  shaft 


16-7. 


16-8. 


Learning  Objective:    Identify  the 
pt%>cedures  ih  pe^riscope  maintenance 
and  repa|j;K     Textbook  pages  12-^25 
through  12-37,^ 


What  la  the  first  st^p  In  repairing 
a  periscope? 

\ 

♦  \ 

1.  Disassemble  externals 

2.  Perform  a  casualty  check  analysis 

3.  Release  gas  pressure 

4.  Roll  the  scope  and  listen  ^br 
loose  screws 

*  ■ 

WhatsAs  the  prime  requirement  of  the 
optical  shop  once  the  scope  is  opened? 

1.  'The  shop  must.be  scrupulously  \ 
clean  ^ 

2.  The  shop  must  be  dust  free 

3.  The  *ihop  must  be  air  conditioned- 

4.  The  shop  must  bf  pressurised 
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i6-9.  Utorm  rMovlng  th#  Inntr  tubt  of  « 
p«rl9cop«  frodk  th«  outtr  tub«>  what 
•hould  you  do  first? 

1.  R«l«4i««  a^t  prtMurt 

2,  DlaconMct  all  anttimaa 

3*    Sat  tha  haad  priaa  at  taro 

alavatlon  ^ 
4.    Roll  tha  acopa  aa  tha  haad  window 

it  facing  up 


16*16. 


16-17. 


Bach  tiM  tha  innar  tuba  la 
dlaaaaamblad»  tha  tuba  aactiona  imiat 
be  ramnbared. 

Which  of  tha  fo^lloving  ia  ona  diffar- 
anca  batwaan  a  typa  2  and  a  typp  15 
ayaWTx? 


16*10. 


16-11, 


What  aaauraa  allgnAant  of  the  innar 
tuba  and  outar' tuba? 

—  1-* — aatacraw-  ^  . 

2.  Two  aatacral^ 

3.  A  kay 

4.  A  coupling 

In  r amoving  t;ha  innar  tuba  fro«  tha 
outar  tuba,  attach  a  chain  hoiat  to 
tha  aytbox  whan 

1.  you  atart  tha  coupling  action 

2.  tha  main  coupling  haa  baen  unacrewad 

3.  tha  kay  ia  in  viaw 

'A.     tha  ayabox  ia  fraa  of  tha  outar 
tuba 


16-12.    Whan  thir  innar  tuba  haa  baan  ranovad 

.  and  placad  on  tha  rail,  it  la  aupportad 

by 


2. 
4. 


Typa  2  Yikm  a  aynchro  machaniam 
Typa  2  haa  an  antenna  waveguide 
and  cablaa 

Typa  15  haa  two  more  pontrol  shafts 
Typa  2  haa  two  mora  control  ahafta 


16-18. 


16-19, 


Facauaa  oj  tha  aimple  conatructlon  of 
tha  focusing  aractor  aaaambly,  you 
ahould  ilMaaaambla  it  for  easy  access 
to  clean  the  lana. 

Tha  focusing  aasembly  has  how  many 
stops? 


1. 
2, 
3. 
4. 


One 
Two  ' 
Three 
Four 


16-20. 


1, 

2, 
3. 
4. 


straps 
vadgaa 

V-blocka 
bolta 


Where  ia  tha  upper  atop  in,  the  focusing 
aaaea*ly  positioned  during  preliminary 
aaaambly? 

1^    One  thread  lead  from  top 
2.    Two  thread  laada  from  top 
3*    1  inch  from  tha  top 
4.    2  Inchea  from  tha  top 


16-21. 


16-13, 


16-;4. 


16-13. 


What  ia  done  to  keep  dirt  out  6f  the 
outer  tube? 

!•  Stand  it  on  and 

^  2.  Put  raga  in  tha  enda 

3.  Tape  ande  with  maeking  tape 

4,  Plug  ehde  with  DC  pluge 

In.disassambling  a  typa  15  innar  tube, 
you  muet  firat* remove  the 

I*  waveguide 

2.  ehafting 

3.  haad  priam 

4.  ayabox 

Shafta  in  a  pariecopa  are  connactfd 
by  which  of  that  following  maana? 

1.  Universal  Joints 

2.  Kayed  Jointa  ^ 
3*    Taper  pina 

4.    Ml  of  the  above 


After  the  focuaing  aeaeoibly  haa  been 
aaaembled»  the  unit  ehould  then  be 

1.  drilled  and  tapped 

2.  drilled  and  dowel  pinned 

3.  sealed  with  maaking  tape 

4.  teetad  for  binding  • 

16-22*    What  element (a)  of  tha  akaleton  hesd 
la/ara  aaaily  replaced? 

1*  Head  priam 

2.  Galilean  eyelaaeea 

3.  Galilean  objactivea 

4.  All  of  the  above 

16-23.    What  maana  ia  ptovld#d  to  reoove 
parallax  in  low  power? 

1«  Sitecrawa 

2.  A  threaded  lena  csll 

3*  Elongated  aeraw  holee 

4,  Eccentric  acraw  holaa 
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16-24. 


16-25. 


16-26. 


16-27. 


16-29. 


What  keep*  the  cub«a  In  the  deslrod 
position?  ,  \ 

'1.  PoaltliDn  Btopn 

2.  Tight  ^Mtlngs 

3.  Detent  springs 
A,  Detent  retalnerti 

The  fle^retion  stops  In  the  skeleton 
heed  are  positioned  to  provtdie 


A- 


1.  IM-  over travel 

2.  85**  total  travel^ 
3i     1'  overtravel 

4.     an  exact  elevation  angle 

> 

Why  are  the  skeleton  heads  of  type  8 
and  15  periscopes  optically  and 
electrically  aligned? 

1.  So  the  scopes  can  be  used  for 
attack 

2.  So  the  scopes  can  be  used  for 
navigating 

3.  To  determine  the  amount  of 
error  In  elevation 

4.  Both  2  and  3  above 

What  1^  the  allowable  displacement  in 
shifting  from  the  rtplit  lens  to  the 
solid  erector? 

1.  0.0003,  ihch 

2.  5  nan  of  ^bcal  length 

3.  ±5  mln.  of  arc 

4.  0^ 


16-28,     If  the  solid  erottor  is;  replaced, 

how  can  }it  be  parfocalized  with  ^the 
•plit  Vens?  « 

1.  By  increasing  or  decreasing 
spacer  thickness  of  the  solid 
If  ns 

2.  By  increasing  or  decreasing  spacer 
.^..J:hickness  of  the  stadimeter  lens 

3!^^ly  poaitioning  the  solid  len^ 
4.    By  replacing  both  lenses 


16-31.    On  the  typ^  15  periscope,  thi  telemeter 

ii  located  betwien  the  field  flattener 
and  the         ^  .a 

1.  first  erector 

^      2>    sealing  window  « 
3,     Galilean  objective 
A.  objective 

16-32.    What  keeps  the  telemeter  clean  when 
the  scope  is  gassed? 

1*  Shop  environment 

2.  CheeSt  cloth  " 

3.  An  air  filter 

4.  Nitrogen 


Learning  Objective:    Indicate  the 
steps  ift  colliQating  subassemblies 
of  periscopes/   TexthQqk  pages 
12-37  through  12-44. ,  ' 


The  inner  tubes  are  rapped  with  a 
%oft  hamsMr  to-rettOve  dirt, 


16-3^*^    In  collimatiog  a  periscope,  ypu  must  - 
also  compensate  for  the  charging  gas. 

J  ■  ' 

H-34.     In  collimating  the  scope,  what  must 
you  focuri  first? 

1,  The  objective  on  the  telemeter 

2.  The  objective  jon  the  collimator 

3.  The  first  erector  on  the  collimator 

4,  The  first  etectpr  on  t\\^  telemeter 

16-35.    What  is^the  purpose  for  adjusting  the 
high  power  objective?* 

1.  To  focus  on  the  collimator  reticle 

2.  To  focus  on  the  telemeter 

3.  To  remove  parallax^  between  t|iie 

■    collimator  reticle  an^  telemeter 
lens 

4.  To  re&ove  parallax  between  the 
^  objective  and  telemeter  lens 

16-36.    What  is  the  allowable  focal  length 
variation  between  the  first  pair  of 
erectors? 


What  lens  is  used  to  c^eck  the 
cleanliness  of  an  assembled  periscope? 


1, 
2. 
3. 


IX 
2% 
3X 
4X 


1 
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16-37.    When  colllMtlng  the  ••cond»  third,  ^ 
and  fourth  •rsctora  of  «  typ«  15 
BCop«,  at  what  ««tting  should  you  set 
th.e  oolllmiitor? 


\ 


1. 
2. 
3. 


3,171  ft 
A9  ft 
52  ft 

Infinity 


16«38. 


16-39, 


Wliep  parallax^  Aaa  been  retooved  from 

the  focusing  erector,  the  aettfht—  ^ 

wllC  bo  0  diopters  when  the  scope 
Is  charged .  . 

Wl^ich  of  the  following  steps  ^  is 
Vequired  to  align  the  split  lens  with|^ 
the  oyehox? 


16-A5. 


What  must  you  do  before  you  can  check 
the  elevation  and  deVreaalon  of  the 
line  of  aight? 

1.    tClevate  the  scope 

2»    Rotate  the  scope  ^ 

3.  Adjust  the  center  of  rotation  of 
the  cQlllmator  to  align  wltt)  the 
rotation  of  the  head  prism 

A.    Depress  the  s^pe 

The  head  pVism  nnjs.t  travel  through 
how  many  degrees  on  «  type  13  scope? 


1. 
'  2. 

A. 


A5^ 
60' 
70^ 
90^ 


1. 

2. 
3. 


Square  the^iiranslt  to  the  eyobox 
Square  the«4yebox  to  the  transit 
Rotate  the  saope  to  align  the 
split  lwns:'*t»  the  transit 
All  of  the  above 


16-AO. 


After  all  the  erectors  have  been^^^ 
collimated,  which  of  th^b  folloiring 
components  sho^uld  ^  installed? 


16-Al. 


1.  Skeleton  head 

2i  Inner  tubes 

3*  Power  shifting  tapes 

A.  All  of  the  above  f 

When  squaring  the  telemeter  of  a 
type  2  periscope,  what  jihould^  you  usq 
as  a  reference?  ^ 


16-A6.  *  How  much  parallax  is  allowed  when  you 
shift  from  high  to  low  power? 

•       t*  0  diopter 

«'  2.  1/A  diopter 

3.  2  diopt;ers 

A.  3  diopters 

^      X6-A7.    Why  Is  it  necfsHaty  to  remo^  the 

horizontal  and  vertical  dis^acemeW  7 
when^^u  shift  power? 


1- 

2. 

3, 
A- 


To  keep  the  crossllne  square 
To  prevent  the  need  to  retr^n 
the  scope 

to  keep  the  image  from  Jumping 
To  liieep  the  reticle  from  ju|iping 


1. 
2. 
3. 
A. 


T4leii^eter 
Co]Llimator 
Square 
Transit  ^ 


16-A8. 


16-A2. 


If  the  collimator  appears  to  move  to 
either  side  of  vertical  as  th^  head 
prism  is  being  elevated  or  depressed* 
what  should  you  rotate  to  correct  the 
displacement? 

1.  Telemeter 

2.  Skeleton  head 
3»    Head  pris^ 

A.  'Split  lens 


16-43,    Before  squaring  the  head  prism  of  a 
typji  8  or  15  scope, to  the  telemeter, 
you  must  do  which  of  the  following? 


Which  scope  has  Just  a  vertical 
reference  telemeter? 

1.  Type    2  * 

2:  Type  3 

3.  Type  8 

A.  Type  15 


16-A9.    WRat  is  the 


16-50, 


•1. 
2, 


Position  the  split  4^ 
Squairc  the  atauhchlng  plate  to 
the  transit 

Square  the  eyebox  to  the  skeleton 
head 

Square  tha  split  lens  to  the  . 
ayabox 


k preferred  amount  of 
dlsplacteent^f  the  vertical  and 
horizontal  crosslines  when  you 
shift  power? 

\*      2'  horlsontal  10'  vertical 

2.  10'  horlsontal    2'  vertical 

3.  2'  horltoatal  2'  vertical 
A.     0'  horla6ntal    0'  t^ertlcal 

On  the  type  2  scope »  dlaplacement 
between  the  split  lens  and  fifth 
erector  is  removfd  by  a4justing  the 


1.  split  lent  stop 
2*    cube  detent  ^ 

focusing  erector 
A«    stops  In  th«  stadimeter 
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16-51.     Vrtien  lifting  thm  preformd  motWSif'',. 

nuiklng  A  range  check  with  tMe  »t«dlm- 
ctor^  wlilch  of  the  following  procc<l\treii 
•  tthould  you  follow? 

1.  Set  the  height  scale  at  20  ft 

2.  Set  the  scope  in  high  power 

3.  Use  8uccd88ive  tmirks  on  the  colli- 
mator 

A.     All  of  the  above 

16-52.     Accuracy  of  the  ^tadlmeter  In  the 
ranging  tostB  must' be  within 


1. 
2. 
3. 


n2Z 

±5% 


Learning  Objective:     Recognize  the 
elements  of  periscope  final  assembly 
and  cycling.     Textbook  page^T  12-A4 
through  12-50. 


16-53.     In  the  final  assembly  of  the  scope, 

which  of  the  following  steps  must  you 
take  prior  to  inserting  thb  inner 
tu^e  into  the  outer  tube? 

1.  Attach  the  wiring  harness 

2.  Make  a  final  check  of  all  Joints 

3.  Rotate  the  scope  '^o  that  the^  head 
prism  Is  facing  up 

4.  All  of  the  Above 


16-54. 


The  distance  between  the  eyebox  and 
the  coupling  and  between  the  outer 
tube  and  the  coupling  should  be  within 


1.  one  ^thread  ^ 

•  2.  two  threads  , 

J.  1/16  Inch 

A.  1/8  inch  lib 

16-55,    What  is  the  sequence  of  cycling  a 
periscope?     ^  ' 

f 

1.  Pressurize^  vacuumize,  and  charge 

2.  Vacuualze,  pressurize^  and  charge 

3.  Charge*  pressurize,  and  vacuumiz^ 

4.  Pressurize >  charge »  and  vacuunize 

16-56 »    When  a  periscope  is  being  charged,  the 
flow  rate  should  be 

1.  i^'to  5  psl  every  5  min 

.  2.  50  psl  .  \ 

3.  5  psl  every  4  min 

4.  3  to  5  cubic  feet  per  min 


16-57^     Aft  the  periscope  is  being  charged, 

you  should  make  several  soap  solution 
checks  for  leaks. . 

16--5B.     How  Xpng  should  it  take  to  release 

the  internal  pressure  after  pressure 
testing  a  periscope? 

1.  30  min 

2.  45  rain 

3.  ^  60  min 

4.  90  min  i 

16-59^  After  pressure  testing*  mQlature  is 
removed  from  the  periscope  by  what 
process? 

1,  Packing  with  silica  gal 

2.  Freezing  with  dry  ice 

3.  l\illing  a^acuum  on  it 

4,  All  of  the  above 

16-60,  (  If  eldctrical  power  to  the  vacuum  pupip 
Is  lost  wtiile  drawing  a  vacuum,  its  oil 
ywlll  be  sucked  into  the  periscope, 

16-61,    fhe  periscope  should  hold  how  much 
vacuum  for  how  long? 

^1.  3  mm  for  4  hra 

2.  2  ram  for  3  hrs 

3.  3  mm  for  3  hrs 

4.  4  mm  for  3  hrs 

16-62,  ,  What  ^af  ety  precautions  must  you 

observe  when  handling  the  dry  ice  and 
acetone  mixture? 

1,  \  Wear  gloves 

2,  Wear  eye  pretection 

3,  Protect  the  skin  against  frostbite 

4,  All  of  the  above 

16-63,     The  dewpolnt.  of  a  periscope  s)iould  be 


1. 

2. 
3, 

^4, 


-50^F 
f5^F 

-60^C 


16-64,    How  often  should  periscopes  be  cycled? 

1,  Every  6  months 

2,  When  fogging  is  noticed 

3.  Both  1  and  2  above 

4.  During  each  upkeep* 
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